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THE SUN. 


INTEODUCTION. 

The Sun is the life of the Earth. 

It is the common origin, the inexhaustible source, 
whence have been derived for millions of centuries 
past all terrestrial ]>uwers, all mechanical and ]jhysical 
energ3% as well as the powers of all living creatures, 
both vegetables and animals. It is thf? Sun that con- 
stitutes our globe a region of light, beat, and mt>ve- 
ment — in a word, a region of life, instead of a dark, 
dreary, and silent desert. 

Tbe heart shrinks and imagination is horror-struck 
by the tboiigl)t that thi.s torch of the world might 
some day be extinguished, and cease to bathe our Earth 
and the other globes submitted to its influence in its 
vivifying effluvia. The probability of such au occur- 
rence is, doubtless, very slight, but we shall se<i thaf 
the annals of tlie heavens afford some similar eases. 
How'ever that may be, it is, perhaps, interesting to 
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point out the consequences of such a catastrophe, in 
order to better understand the kmeficial influence 
which the central orb of our system exerts on our 
world. 

Primitive nations, with ignorant simplicity, looked 
upon the Sun as a great god of Nature. The worship 
of fire and of light is at the basis of all theogony. This 
instinctive adoration is met with again, not only among 
tribes far removed from the contact of civilisation, but 
in the midst of our own rural population, as may be 
seen in the following anecdote related by Arago in his 
account of the total eclipse of the Sun which occurred 
in July 1842 : -- 

‘ A poor l)oy fniia the village of Sieyes, Basses 
Alpes, tended his Hock. Completely ignorant of what 
was about to happen, be was alarmed to see the disc of 
(he Sun becoming gtadually obscured, for no cloud or 
vapoury mist was tliere to furnish an explanation of the 
phenomenon. Wluui tlie light suddenly disappeared 
entirely, the child, in a paroxysm of terror, began to 
cry and to call fur lielp. His tears still flowed when 
the Sun tiguiu gave forth a ray of light. Trauquilised 
by this sight, the lad crossed his hands iuid exclaimed, 
0 heou Souleou! (Oh, beautiful Sun !) ’ 

Was not this exclamation a distant echo of ancient 
idolatry ? At the present day all traces of a super- 
Htition of this kind among the masses of the people 
have, doubtless, disappeared; but ignorance has re- 
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mained, and indifference has succeeded to enthusiasm. 
The farmer ploughs and manures his fields : he then 
confides the seed to the soil, and counts upon the rain 
and the sunshine to bring about a fine harvest. Does 
he endeavour to account to himself how the rays of the 
Sun operate when they thus work for him ? Has he 
ever asked Iximself what this powerful assistance is, 
without which his labours would be vain and his soil 
sterile — or how it liappens that night and day succeed 
to each other with durations which are periodically 
unequal — the why and the wherefore of Summer and 
Winter, Spring and Autumn — what are the causes of 
those phenomena in wliicli he is so directly interested, 
namely, the winds and the rain, fine wtifither and 
storms? The manufacturer who feeds Ids engine 
with coal to trjinsfomi ivater into steam, and thus 
generates force which he distributes to his various 
workshops, scarcely dreams, either, of the original 
source of all this power. 

It is to the Sun, as we have said, and as we will 
show, that we must attribute all the marvels with 
which the work of Nature and the activity of man have 
enriched the Earth. At the present day, Science, 
untrammelled by the primitive ignorance and super- 
stition that formerly veiled it with obscure symbols, 
is in a position to demonstrate the truth of this bold 
assertion. 

This is why we thought of writing the present little 
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work, addressed to every one except astronomers and 
philosophers, who have in their hands all the docu- 
ments which we have consulted, and who, moreover, 
know more than we do on this subject. 

We invited our readers, a short/ time ago, to make 
a little journey witli us of some tliree hundred thousand 
miles — a mere trifle — and to explore the Moon, our 
faithful satellite. This time the road will be longer, 
but we wish to pay our respects to that powerful orb 
whence the Earth and all the other planets are pro- 
bably derived; and with filial duty, as much as by 
curiosity, we may safely decide; on making our imagi- 
nation stride over some ninety millions of miles. A 
railway train would require three centuries and a half 
to ])erfonn the journe}^ but we shall want only a few 
hours, and sh.all return from our exinirsion, I hope, 
wnt h a considerable number of curious facts. We will 
measure the kSuu, its circumference, its volume ; w(‘ 
will weigh it in an astronomical bahnu‘e, and with the 
help of the natural plulosophers, we will estimate tlu* 
intensity of its heat and its light. Finally, after 
having witnessed its rotation on its axis, and fixed the 
duration of this motion, we will explore all the points 
of its immense surface, of that vast ocean of fire ; we 
will study itvs storms and furious tempests, which, from 
far off. show themselves in the telescope as spots, more 
or less dark, and resemble gigantic pits into which our 
poor little globe would drop like a pebble down a w^elb 
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After liaving thus closely explox-ed the immense 
luminous sphere, whose power compels more than one 
hundred planets and innumerahle comets to circulate 
around it in regular periods, we will retire from it, 
mentally, until it appears no more than a point, lost 
among the world of stars. We will then seek its place 
in the great Nebula of the Milky Way, and we shall 
see that it moves along in space, carrying with it its 
entire company of planets, towards a point situated iu 
the direction of tlu' constellation of Hercules, satellitt*, 
in its turn, of some other unknown sun or of a group 
of suns. 

Such is the condensed programme of tlie astrono- 
mical peregrination to which we invite the reader wh<> 
is curious about things in the heavens, and who may, 
perhaps, hav(‘ asked Itimself the sliglitly embarrassing 
(juestion, ‘ What is the Sun ?’ 
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CHAPTER L 

The Sun as the Source of Light, of Heat, and of 
Chemical Action. 


§ L The Light of the Sun. 

Some Notions of Photoniotry ; wliat is inoant l»y tlic illuminating 
Power and the intrinsic Brilliancy of a source of Light.-~To 
how many Wax Candles is the lighting Effect of the Sun 
equivalent? — The Light of the Sun comp<ire,(l to the Electric 
Light, — Estimation of the intrinsic Intensity of the Sun’s 
Light. 

To say that the 8uu is tlie most lirilliaut source of 
light known is, probably, not teaclung much to any 
one. It would be more interesting and more profit- 
able, but mucb loss easy, as we shall see presently, to 
estimate with a certain degree of precision the inten- 
sity of this prodigious focus of light. E\ir the last two 
centuries several attempts have been made to measure 
the intensity of solar light ; and although the results 
do not all coincide, they will be sufficient to give 
some idea of the luminous power of the mighty orb as 
compared with that of other natural or artificial sources 
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of light which we can observe or procure on the surface* 
of the Earth. 

Before entering into the details of this delicate 
question called photometry, let us lay down certain 
principles which are necessary to dissipate wliaiever 
ma}^ seem obscure to the eyes of readers unacquainted 
with optical theories. 

Wlien we speak of the intensity of a source of 
light, this intensity may be considered from two dis- 
tinct points of view : by it we moan eitJior the ‘dlwmi- 
nating power of this source as compared with some 
other source of light taken as unity, or we nu*an its 
intrimic brilliancy. Let us sliow by a few exainplt^s 
what is the difference of these two denominations. 

Suppose, f(»r instance, that we hav(^ found fho ilbi- 
minating power of a gas-jet of certain dimensions etfual 
to that of sixteen candles : in this case wo suppose that 
the gas-jet and the sixte(in candles are placed at the 
same distance from the surtaco of a body wbicli is tluui 
equally liglited up by the two sources of light. Tlui 
same ratio would exist, however, between t he illumi- 
nating powers of the gas-jet and of one candle taken 
as unity, if the distance of the gas-jet from the object 
lighted up w\as four times greater than that of the 
candle. This is a conse^pience of the law in virtue of 
which the illuminating power of a source of light 
diminishes in inverse ratio to the scpiare of the dis- 
tance, that is, becomes 4, 9, IG . . . , times weaker, 
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when the distance, on the contrary, becomes 2, 3, 4 
.... times greater. 

Taken in this sense, the intensity of solar light, or 
the illuminating power of the Hun will be measured by 
the number of candles, of gas-jets, of lunar discs, of 
stellar lights, See,, which it would be necessary to ac- 
cumulate, or to suppose collected, either at certain 
fixed distances from some surface, or in the sky at the 
distance of the stars themselves, to produce an equal 
degr(‘e of illumination on the surface in qufistion. 

One word now upon what is meant by the intrinsic 
intensity of n source of light Imagine that we could 
cut out upon iho (Use of the Hun a space equal to that 
of the Hiiuio of a candle st'on at the distance of one 
metre (3*28 feet English), and tlud we asked ourselves 
how many times more luminous the first surface would 
be than the second ? The answer to tJiat (juestion 
would give the intrinsic intensity of solar light com- 
pared to tJiat of one candle. Tims, the estimation of 
the intrinsic brilliamy of a source of light consists in 
comparing the brilliancy of a portion of the luminous 
surface, with that of an equal surface of another source 
taken as unity. 

The distinction between the illuminating power 
and the intrinsic intensity once well undenstood, will 
furnish an explanation of the facts which we are about 
to relate. 

Several philosophers of the sixteenth and seven- 



The Source of Light 


teenth centuries, Maurolicus, Auzout, Huygens, endea- 
voured to measure the intensity of solar liglit ; but it 
is to Bouguer that we owe the first figures having 
some degree of precision wliich bear on this deli€at(* 
point of photometry. He used a concave lens to 
make the solar rays diverge, and so to wtniken these 
rays to an extent wliich could be easily calculated ; ho 
then compared the light thus diminished with tliat of 
a candle placed at a. given distance from a 
Thus it was, in September 1725, Bouguer found that 
the Sun, when 31^ above the liorizon, and witli a clear 
sky, lighted u]) the screen as 11, (>(>4 candlos would 
have done at a distance of 0*43 of a metre, that is, 
like 02,177 candles at the distance of one metre (3^]; 
feet English). From tlie law wliieli establislu’s that 
the intensity is in inverse ratio to the square of the 
distances, and taking into account tlio loss hy atmo- 
spheric absorption, we arrive at this result, viz., that 
the Sun at the zenith and with a clear sky illuininatcs 
an oliject 75,200 times more tlnan a ciindle placed at 
the distance of 3^ fe(4: from this object. 

In May and June 1799, Dr. Wolliiston, by allowing 
a xery thin ray of light to pass tlirougb an aperture in 
a camera osciira, arrived at a result which differs very 
little from that obtained by Bouguer. On an average 
be found that 5563 candles,* placed at the distance of 

^ Average of twelve experiments of which the two extreme 
results were 7770 and 3905 candles. 
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one foot, or 59,882 candles at 3*28 feet, illuminated an 
object as much as the Sun. Supposing the Sun at the 
zenith and the candles at 3*28 feet, the illuminating 
power of the former would be represented by 68,000 
candles. This figure is rather smaller than that of 
Bouguer. But neither of the methods employed are 
capable of furnishing very precise results, and the 
atmosplieric conditions were doubtless not the same in 
both cases. 

A Carcel lamp which bums 42 grammes* (li oz. 
Englisli) of pure oil per hour, gives as much light as 
eight or nine stearic candles ; a fish-tailed gas-jet as 
mucli as seven or eight candles. We can, hy means of 
these numbers and the results obtained by Bouguer 
and ^\^ollaston, calculate easily how much the Sun’s 
light sur|)a8ses that of either of these sources just 
named ; hut now-a-days we are able to produce artificial 
light, the intensity of wliicb approaches much nearer 
to tliat of sunlight. For instance, in directing on to 
a piece of lime tlie flame of a jet of mixed hydrogen 
and oxygen gas, a very intense light is produced — it is 
that known as the Drvmmond light, the oxy->hydrogen 
light or the limedigkt, M. Edmond Becquerel, by 

^ [The gramme is 1 5*438 grains Troy. The tiso of the 
French weights and measures of capacity has become very 
generally adopted in Eughiwd in works on science, on accoimt 
of their simplicity and the advantages of the decimal system 
over our old system. — P.] 
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using an apparatus that consumed 3^ litres (about 
pints) of gas per minute, estimated the quantity of 
light produced as equal to 160 or 180 candles, A 
magnesium wire only one-hundredtli of an inch in 
thickness gives, on burning in the air, the light of 
74 candles, or of 110 candles if it is burnt in oxygen 
gas; in the latter case its intrinsic brilliancy is e<|ual 
to 500 times that of tlie candles. Lastly, the electric 
light obtained with a nitric acid battery, having from 
50 to 100 couples, gives a quantity of light which 
M. Becquerel considers equal to from 400 to 1000 
candles. In the latter case, the light of the 8un at 
the zenith, according to Wollaston’s and Bouguer’s re- 
sults, would liave an illuminating power surpassing 
only 75 times that of the electric light at 3|; feet 
distance. 

With more powerful batteries a light is obtained 
which approaches still nearer to the luminous intensity 
of the Sun. Thus, MM. Fizeau and Foucault, on 
comparing the brilliancy of an electric light produced 
by three series of Bunsen’s elements, each series being 
composed of 46 couples, with the liglit furnished by 
the Sun on a clear day in the month of April, found 
that the illuminating power of the solar rays was not 
equal to ratich more than two and a half times that oi‘ 
the electric light. 

In all these determinations we are dealing only 
with the illuminating power of the Sun. Arago has 
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entimaied tht- intriiiHic intensity of its liglxt in the 
following manner. He begun by comparing with it 
the light of the atmosphere, in the neiglibourhood of 
the Sun, and hf^ found that all around tlie disc, at an 
angular dis1anc(i from it about ecjual to its iliarneter, 
the atmospheric light was oil times l(‘ss intense tlian 
tlie ligl)t of file Sun its<*lf. Such being the case, when 
the dame of a candh; is projected, not only on to the 
disc of the Sun, lait also on tluit portion of the hea- 
vens whicli sMirroimds it within the limits mentioned, 
the flanu.* disappears entirely to the oytj of tlie observer, 
nothing is seen but the earbonised wick, the outline of 
xvhich detaches itself in black upon tlie light back- 
ground, N(»w, Bouguer has shown that a light which 
causes another light to disappear in tin's way must be 
at least t)4 times more intense tlian tlic latter, Tlie 
widespi’<>ad atmosphevi' wbicb surrounds the Sun pos- 
sesses therefore an intrinsic intensity of light equal to 
at least 04 times that of tlie candle-flame : so that the 
intensity of the solar light itself is 511 x 64, or 32,704 
timcB stronger than the light of a candle. We speak 
now of its intrinsic brilliancy and not of its illumi- 
nating power. 

But this motliod of valuing the Sun’s light, indi- 
cat(?d hy Arago in bis ‘ Astronomie Populaire,’* only 
gives an inferior result. According to M. E. Becquerel, 

^ He states 15,000 instead of 32,704, which appears to he a 
ty pograph ical error. 
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the flame of a candle has a visible surface of about 
0*27 square inch ; a circle of this size would have to 
be placed at a distance of about G| feet, in order that 
its diameter may subtend an arc of 30', tluit is, in 
order to have the same apparent dimensions as the 
Sun. It results from this, that if w-e take for unity 
the intrinsic brilliancy of the light of a candle, that of 
solar light becomes, according to Bouguer, 18(),4()(), 
and according to Wollaston, 179,130. 


Absorption of 8un]ifi:1it by the Atmosphere ; it varies aceordinj; 
to the height, of the Sun ahovo the Horizon. — Variation of 
Light according to the Seasons. 

In all the preceding comparisons we have spoken 
only of the solar light, such as it reaclu‘8 the ground 
after having passed through the layers of gaseous 
matter which constitute our atmospliere. Thesfi lay- 
ers are more or less pure, more or less charged with 
watery vapour and s<»]id particles suspended in the air, 
dust, and germs of all descriptions. A certain frac- 
tion of the sunlight is absorbed during its passag<i 
through this medinm of variabh; composition, and this 
absorption is greater the nearer the Sun is to tlie 
horizon. 

Bouguer, who has studied this subject, (rstirnates 
that this atmospdieric absorption reduces tlie intensity 
of tlie light of the Sun to the following figures, stip- 
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posing 10,000 to represent the intensity if there were 
no atmosphere to the Earth : — 

At tho zenith 

8,123 

At 50° above the horizon 

7,024 

30 

0,613 

20 „ „ 

. . 5,474 

10 

3,140 

0 ,, „ 

1,201 

4 

* 1} j» 

802 

•H 

454 

0 

" *) . . 

102 

1 

47 

0 

6 


By inspecting tliis table we see that at sunrise 
the light is 1354 times less intense than when the 
Sun is at the zenith ; at Paris, on the day of the 
Summer solstice, ahout the 2()th of June, the Sun 
mounts as high as (U® at. noon: on tliat day its light 
at noon is more than 1300 times as intense as at 
four o'clock in the morning, the hour at which its 
disc touches the hi)rizon. 

We speak liere only of the absorption of the light 
of the Sun by the air, and the table calculated by 
Bougxier t'xpresses the proportions in which tlie gaseous 
envelope of our Earth diminishes the force of sunlight 
through a clear sky. But most frequently its in- 
tensity is still more diminished by masses of vapour, 
fogs, and clouds in s\ispension in the atmosphere. 
The light of the Sun is thus diffused before arriving 
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at our eyes, which receive its impression after it has 
undergone reflexion at the surface of clouds and ter- 
restrial objects. 

Before sunrise and after sunset, wlieii the luminous 
disc is not yet, or is no longer visible, its light illumi- 
nates directly the upper regions of the atmosphere 
and comes to us by direct reflexion, and also ])y its 
refraction in the gaseous mediuni overliejuL The 
duration of the day, or rather of daylight, is thus 
augmented by the twilight and the aurora. Finally, 
during the night even, we may be still lighted by 
sunbeams, for they are reflected from the surface of 
the Moon and the planets, and cause these orbs to 
shine upon the obscure background of tlie starry 
finnaineiit. 

From winter to summer the variations of the 
intensity of solar light may be very great, on account 
of the changes in the purity or absorbing faculty of 
the atmosphere. But, speaking astronomically, at 
the limits of our atmosphere, it remains tlie same, 
for a variation in the <iistance of a luminous sourai; 
does not affect its intrinsic brilliancy. That whicli 
does change with the distance is the apparent diameter 
of the orb, consequently, the luminous surface and 
the illuminating power. When we calculate the ratio 
of these various elements, we find that if the lighting 
power of the solar disc is 1*000 at tlie mean distance 
of the Sun, that is, on the first of April and first of 
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October, at its greatest distance from the Earth, or 
aphelion, on the first of Jul}^ this power is reduced 
to {)*96G, and in January, period of tlie perilielion, or 
at the Sun’s minimum distance from the Earth, tlie 
illuminating power becomes 1*()33, But for these 
numbers to correspond to real variations in the in- 
tensity of daylight, wo must suppose the Sun to be 
ill eacli case at the same heiglit above the horizon, 
and seen in identical atmosplioric conditions, wlncli 
is very difficult to realise in such widely different 
seasons. 


Tlic of tljc Sun compared to that of the Stars and of the 
Muon — ^Dificrcnco of intensity }>ot\veen the light of the 
honlora and that of the centre of tlic solar disc. 

The ph iliiHophers whose photometric ('xperinients 
we alludial to above liave also endeavoured to com- 
pare the light of the 8u!i with tlmt of other cosinical 
sources (»f luminosity, siudi as the Moon and the 
Stars. 

Huygens ('stimated the light of the Sun to be at 
least equal to 7(>o million times that of Sirius (tlie 
Dog Star). According to Wollaston it is nuich great<T 
than this even, he calculates it to be equal to twenty 
thousiiiid millions of times the light of the said star, 
wliich is nevertheless, as every one knows, the most 
brilliant star in our sky. It results from this tiiat to 
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see the Bun reduced in splemlovir till its brilliancy 
would equal only that of Sirius, our planet must travel 
through space to a distance 140,000 times that wliich 
now separates ns from the central orb of our system. 
On the other hand, if Birins approached us and took 
tlie place occupied hy the Bun, its light W(Uild be 
equivalent to that of ninety-four suns similar to our 
own I 

Houguer, on comparing the ligid of tlu^ Bun to that 
of the full i\f<»on, drew, from a considerable nuinbi^r 
of observations, the conclusion that the illuminating 
power of the Sun is ecpial to .q(K),(UM) times that of the 
disc of our satellite. (’urioUvS to relate, Wollaston, who 
agrees tolerably with Jlonguer as to tlio comparative 
intensities tb(‘ sunlight and a caiull(‘'s liglit, found 
that the illuminating p()wer of tlu* Sun is to that 
of the ]\loon as 801,072 is to 1. 1'1 k‘ diftenaua? 

between tliese two results is so enormous that. \vc are 
unable to explain it : it is an experiment whieli should 
hv made ovi‘r again. 

However that may be, taking as unity the intensity 
of solar radiation, and putting aside atmosplu^ric 
absorption, we can calculate what tlie intensity of 
this radiation is on the surface of ('acli of the pbinc ts. 
Intrinsically considered it remains the same; but on 
account of the variation in the apparent diameter of 
the Sun, and conse<[ueT»tiy of the radiating surface of 
the disc, the ipiantity of light and heat whicii reaclHS 
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each planet will be fouiul to vary in invorfce ratio to 
the scpiares of their distances from the common focns. 
From Mercury, th(.‘ planet nearest to the »Sun, to 
Neptune, the most distant, tlu? light of the Sun 
diminishes in the jjroportioii of 7000 to 1, or there- 
a])outs. 

To conclude what we have to say of the Sun con- 
sitlered as a soiirci:- of light, we Inive still to speak of 
the- differenct^ of inteusity \vhicl\ exists betAveen tin' 
various regions of its snrfactt. 

It appears certain, as Ihmguer w^as tin* first to 
<)bserv<‘, that tlu^ surface of the Sun’s disc is not 
uniforndy luminous; the centre possesst's a more in- 
tense light than tin* borders. According to this 
author the ratio of these intensities is as 48 is to 35. 
Nevertheless, Arago, on comparing by means of his 
polariscopr^ th(^ ligljt of the edges t)f the Sun witli 
that id the ctaitre of the disc, could not detect a 
difference of ^\-,th betwei'ii their respective intensities. 
More li'ceiitly Professor Secelii has made a great 
numbtu' of Ciun])arative measurements l)y means of a 
]>hotoim‘ter supi>lieii with a revolving wheel, and he 
coneludes that the light of the centre is as muidj more 
intense tlian that of the borders as 4 or 3 is to 1 ; and 
even in this case tin* light was taken at fifty seconds 
from the eilge ; on the edge of the disc itself he 
estimates the difference to he scarcely 20 th. Whence 
arise such divergences i)f results obtained hy observers 
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^iqually clever aud learned ? .Real\v we cannot tell. 
Sir Jolui Herseliel, in tlie sixth edition of Ins ‘Outlines 
of Astronomy,’ positively asserts, tliat when the entire 
disc of the Sun is seen through a teleseopcr of moderate 
power, armed with a dark glass in ovdiU’ that we 
may examirn^ it easily, it becomes (>vident that the 
borders of the disc are imieh less luminous than tlie 
centre. We can assur<> onrsedves that this is not an 
ilbisioiK ]»y projecting tin* imag(,‘ of tin* Snn mo- 
denitely uiaguituHl and m»t darkened, so tliat it sludl 
form a einde about four imdi<‘s in diam(‘ter upon a 
sluHjt of white paper. A pht>tographi<.* proof »>f the 
Sun, taken on the 7th August, 18t)il, whi(di wo liave 
now before us, shows a very marked ditf(*renee be- 
tween tbe intensity of tbe liglit at the edgt;s and at 
the centre. IVut this may bt^ dm? more especially to 
a differeuee in tlie chemical activity of the rays. 
Wc shall see jiresently of what importance arc the 
fa(d:s vre are now’ discussing wdtli regard to the phy- 
sical constitution of tlie Sun. 


§ 2. The Hjsat of the Sex. 

Tltc temperature of our globe i« due to tijreo sources of beat : 
that of interplanetary space, internal lieat, and solar heat. 

Three principal sources of heat combine to im- 
pait to our earth tbe temperature which it possesses ; 
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these are, in the first place, tlie internal or proper 
heat of the mass of tlie globe itself; in the next, the 
heat comiminicatecl to ns by interplanetary space 
tl)rough tlie various regions of which the earth passes 
successively ; lastly, the heat whicli we receive from 
the Sun. 

A given point, of celestial spa<‘(i is incessantly 
traversed by rays of heat (‘inanating* from the most 
distant orbs, stars, suns, dark l)odies wliicli rotati^ 
aronnd tbeiu in a word, from every particle of mat- 
ter conglomerated or disseminated in the lu^avens. 
This continual radial i<m gives rise to a ceriaiu degree 
of teinperatun*, which may vary, however, from one 
point of tlu^ univ(u*se to anotlier, but will remain 
almost the sanu' in tiui iut('ri(»r of our plamdary 
world, the dimeusious of this world hc‘iug extretruily 
small in C(jtn[)arison t(» tlu‘ distances (jf the^ ra<liating 
soiue(‘s.'‘' 

Fourier was the first to recognise the existence 
and to estimate tlu‘ extimt of this fiindarneiita! beat 
of spaci‘. lie has shown that if the globe, besides 
its internal heat, of wliich wt^ shall say two words 

* This sip^aitios that the temperature of that portion of 
space circamscrih(‘(i l»y the orhit ».i’ Keptune, the most distant 
planet from the Sun, is uniform or constantly the saine, if we 
put aside the heat radiated by the Sun and the othor planets. 
But as the Sun and the whole planetary system are travelling 
through space in a certain direction, this motion may lead tljo 
Earth and its companions through regions of space having 
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presently, only received lieat from tlie 81111, — that is, 
if interplanetary space was entin^ly devoid of lu>at — 
tbe loss of heat during tlje night and during the 
winter season would be so great, that no living being 
could resist the abrupt variations which would in- 
evitably occur in the temperature of any given 
locality. The temperature of space is nevi^rtheless 
very much lower than that of the coldest ]>olar re- 
gions : Fourier stated it to he 6(F below zero cent i- 
grade, and according to Pouillet it is even lower than 
this; he estimates tlnit it cannot be great€*r than 
— 142 °. However low it may be, tiu.‘ temiierature 
of celestial space is a physical cause ever in operation, 
winch moderates temperatures at the surface of tlie 
globe, and gives to our planet a fundamental lu^at, 
indejiendeiit of that derived from the Sun, and of that 
which the interior mass of the globe lias preserved. 

The increase of temperature which is obs(n’ved to 
occur in tlie crust of the earth as we dr\scerul towards 
tiu* centre, furnishes an incontestable ]>roof of the 
existence of a ])roper heat belonging to tlui mass of 
the globe itself, Fourier has proved that the action 

temperatures which are not all alike, and may vary in a given 
number of years or of centuries. — [Some pliiloHophers imagine 
that f)ur planetar)’ system has for the last few years bet‘n tra- 
versing u comparatively warm region of space, causiijg us to 
experience very hot summers and mild winters and other inc- 
teorologicul plienomena. — P.] 
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of the solar rays alone is not sufficient to account for 
this gradual increase of temperature, for, admitting 
that this action has continued for a lapse of centuries 
sufficient to bring the heating to its ra.'iximiiin, we 
should find, at a (X'rtain depth, an uniforrn tempera- 
ture; and if, on the contrary, tliis maximum lias not 
yet been readied, tin* tempera tiue of the crust should 
decrease witli the (b‘pth. In both these cases the 
results of the hypothesis would bo contrary to actual 
observation. 

Tlu^ internal beat of the globe is propagat<‘d by 
conduction fix»m the cimtre to the outer crust, and 
even to the, surface of the soil whose temperature, 
according to cal(!ula-tiou, cannot he raised by it mon* 
than of a degree centigrade: this amount would 
nevertlK‘less be sufficient, in the course of a century, 
according to Fourier, to melt a layer of ice 3^ yards 
thick. 

By this radiation of internal heat Uie terrestrial 
globe is constantly becoming colder ; but the loss of 
heat, is compensated for by solar radiation, which 
constitutes the third and principal source of terrestrial 
heat, and fivnus the principal subject of this chapter. 

Intensity of solar Ijeat at the surface of the terrestrial globe. 

Its absorption by the watery vapour of the atinospliere. 

To appreciate rightly what this powerful source of 
heat is in itself, we must endeavour to point out, among 
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iU very variable effects observed at the surface t)f tlie 
earth, those which are constant. We see tlu^se t/fft^cts 
vary from hour to liour during the day, clKuige from 
day to day and from season to sc^ason. OhserN'ation 
teaclies us also that there exists a great differenct' of 
temperature in the various regions of the globe, ac- 
cording to their latitude ; so much so, that we can 
easily distinguish three kinds of zones or climates, 
the temperate zone, the tropical zone, and tlie glacial 
or pt)lar zone ; for solar heat is distributed to th(*m 
in a very une([ual manner in the course of a yt‘ar. 

What are the causes of these variat ions and these 
ditferences ? The most nanarkable and tht? most con- 
stant ari‘ the movements of the Earth. Our planet, 
in turning on its axis whilst it circulates round the 
Sun, presents alternately to the latter different por- 
tions of its surface. This double motion protiuces 
day and night, the seasons, and tlie year; and as the 
axis of tlu‘ Earth always remains parallel to itsrdf, it 
results that the duration of the Sun abov<^ (‘ach 
horizon, and its heiglit, greater or less according to the* 
hour of tlu^ day and the period of the year, are 
variable, and tlu*se variations an* precisely the canses 
of the various temperatures which constitute the 
different climates. Moreover, the Eartli is not always 
at the same distance from the Sun ; solar heat Iras, 
therefore, from this circumstance alone, a varial)]e 
intensity. 
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Finally, the Earth’s atinospliere through which the 
rays of heat pass before they are felt by us, is more 
or less pure, more or less charged with vapour: it 
therefore absorbs a varia])]e amount of these rays. 

It is easy to see liow indispensable it was to take 
hW these facts into consideration, and to d(4ermine 
their value by calculation and observation, before 
drawing any conclusion as to the intrinsic intensity 
of solar heat. Do Saussnre and 8ir John Herschel 
wtu'e the first to attempt this intricate problem, of 
which Pouillct in 1838 gave a more complete solution. 
The paper published by this learned philosopher liad 
h»r its object the following (piestions, which we give 
literally, in order to furnish some notion of the com- 
plicat(Hl conditions of the problem: — ‘To determine 
the (|uantitY of solar heat wdiicb falls perpendicularly, 
in a given time, upon a given surface; the proportion 
of this heat whicli is absorbed, during its vertical 
transit, by the atmosphere; the law of this absorption 
at various angles; the total quantity of heat winch 
the Earth receives from the ISun in the course of a 
year ; the total (piantity of heat wlucli is emitted 
every instant by the entire surface of ti\e 8un ; the 
elements requinsl to aseertaiii whether the mass of 
the Sun is cooling gradually from century to century, 
or wdiether lliere twists a cause destined to reproduce 
the beat which is constantly emitted b}' radiation ; 
the elements wliich will permit us to determine its 
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temperature .... tlie temperature wliich we slioiild 
obtierNe everywhere on the surface of the glolie if the 
actioii of the Sun were not felt; the increase of teiu- 
pcTfiture due to solar heat; the relative (plant itics of 



I.— PouiUot’s Pyrboliametor. 


heat which the Earth receives from the Sun and front 
space, that is, from all the other celestial l>odi<?s.’ 

Fig. 1 represents one of the instruments whicli 




26 


The Sun. 


Pcmillet iiBed U) nieasnre the intensity of solar heat, 
and to which lie has ^iven the name of ijyrheliometer. 
We quote from onr work entitled Les Phenoinemes 
de la Pliysique,’ the following concise description of 
it, and mode of experioienting with if : — 

^At tlu? upper part is seen a very thin cylindrical 
vess(‘l of silv(*r, tin' surface of whieli, turned towards 
the Sun, is covered with larnp-hlack. Tliis vessel is 
filled wa’fh wah^r, nnd the temperature of the liquid 
is given hy a thermometer^ the huJh of which pene- 
trates into the hjt<*rior of the cylinder, whilst its stem 
is protected hy a brass tiihf> having a longitudinal 
slit, whicli p(‘rniits us to read the height of the 
mercury. At the other extremity of the tul>e, a disc 
having th(^ same diametcu* as the eyliudrical vessel, 
receives the shadow of the latter, and assures us tliat 
the hla(*keiu‘d surface is exposed normally to tlie 
direction of the solar rays : that is the case when tlie 
lower disc is exactly covered hy the circular shadow 
of the upper disc. 

‘We commence hy taking the temperature of tlu^ 
instrimnmt ; its blackened surface is then exposed 
towards a portion of the sky without clouds, hut so 
that it cannot receive any solar rays. In the conrs(‘ of 
five minutes the radiation of the instrument causes a 
certain fall of temperature. On them directing the* 
instrument towards the Sun, the blackened disc re- 
ceives, for the space of five other minutes, the solar 
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heat of the rays which fall perpendicularly upon the 
disc. The temperature is again observed on tlie tlier- 
moineter. Finally, the instrument is allowed to ra- 
diate towards space for five more minutes in its first 
position, and the final cooling is noted. The first 
and third of tliese observations are necessary to de- 
termine the quantity of heat lost hy tlu^ radiation of 
the instrument to space (hiring the time that it is 
exposed to the Sun; this quantity is the ineari of the 
tvvc» df^grees of cooling observed. In adding this inenn 
to the degree of lieat produced by oxposiirf‘ to tin* 
direct rays of the Hun we obtain the total increase ot 
temperature ; and from this we can calculate the num- 
ber of e(.ilonei<^ absorbed in one minute by any huj- 
face equal to that of the blackened disc.’ 

The rise of temperature indicated by the pyrhelio- 
meter depends first upon a constant quantity of heat, 
whicli Pouillet has named the Solur coytsfant, be- 
cause it expresses tlie constant licating power of t])e 
Sun. It depends next upon another quantity, that 
lie called tlie afmoHphenc constant^ which is only 
uniform for tlie day of observation, and varies from 
one day to anotlier, according to the clearness of the 
sky, and according as the atmosphere absorbs more or 
less of the incident solar rays. Lastly, it depends 
principally upon the thickness or extent of atmospliere 

^ A calorie is the quantity of heat required to raise die 
temperature of 1 kilogramme of water centigrade. 
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which the solar rays have to traverse ; or, in other 
words, upon the Insight of tlu* Sun above the horizon. 

Fig. 2 shows plainly how much this thickness 
varies with the lieight of the Sun, not to speak of 
refraction which causes the rays to travel over a still 
longer route. 





VUi, extentn of atnjoa)»h<jrQ thr<m>rli whiclv the solar nvvfii pass, when 

the Su« in atvarieue hoit^hts above the horizon. 

N(»w, liere are some of the results whicli M. Pouillet 
has deduced from a grt'at number of observations. 

If our atmosphere could transmit tlie whole of the 
solar heat witlioul absorbing any of it, which is 
e<|uivaleiit to exposing the instrument at the limits of 
tlie atmospliero wiiere it would receive the wliole of 
the heat which the Sun radiates to our globe, (wery 
square metre (1*190 square yard) of soil upon which 
the rays fall vertically, would receive, per minute, 
17,033 calories, or heat-units. 

But the absorption exerted by tlie atmospliere 
diminishes this quantity. AVitb a perfectly pure sky 
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and wlien tlie rays of heat pass vertically throuj^h the 
air (that is, when the Sun is at the zenith), this 
absorption is from 18 to 25 hundredths. It inorefuses, 
of course, the more oblique the rays are. If wt' 
consider the total amount of heat that falls upon 
the whole of the liemisphere which is lighted and 
tvarmed at the same time by the Sun (fig. 3), it is 
evident that the solar rays 
r(‘ach the surface of tlu^ 

Earth at every possible 
an^le. They are vc^rtical 
at A, where tlie Sun is at 
tlie zenith ; horizontal at 
the points B and C, for 
instance, whore, it is at the 
h(.»rizon, rnori* or less ob- 
li(pie at the intermediate 
points such as 1). Thus, 
even if we sui)TK>se the ,, , 

* * rjf(. - Altsi)rj»t.ion of tin; hu.it of tho 

atmosphere to be perfectly the atu.<.«piicrc at. diiforcut 

* * pointH of lh(; terroMtriill liemisjihcix*. 

serene, nearly half the srdar 

heat is absorlxMl, The portion of it whicli really 
reaches t]»e soil is scarcely more than 5-10t}js or 
tl-KHlis of the whole. 

As the Sun, accordin<<^ to what mi have just said, 
transmits in one minute to every squai’e mitre 
(1*1 90 square yard) of ground that its rays strike 
vertically, a quantity of beat equal to 17,033 calories, 





it is easy to calculate the entire quantity of beat which 
our globe and its atmosphere receive from the Sun in 
one year; it is that quantity whicli is received upon 
a surface o(pial in extent to one of tlie great circles of 
the Earth. Wo find tins quantify to he about twelve 
bundrcd qnintiUions of caJorif‘sv expressed arithmeti- 
calJy by the figure I,21th0()0,t)00,00(),t)()0,()()0,0()0. 

This quantity of heat is so great tjiat we can form 
no idea of it. Pouiilet used to talk of it thus: — ^ If 
the total (jua ntity of heat whicli the Earth receives 
from the Sun in the course of one year were uniformly 
spr(‘ad over all the surface of the globe, and if it were 
t'mployed, witliout any loss, in tlie operation of 
melting ice, it would be capable of melting a layer of 
ice enveloping the wliole globe and of a thickness of 
nearly ,‘U metres (33| yards). Tliis is the simplest 
way of expn'ssiiig the total quantity of h(‘at which the 
Earth receives every year from the 8un.’ 

Tli(* absorption of solar heat by the atmosphere 
eviihmtly depends upon the thickness of the atmo- 
spheric layer which the rays pass through ; but for 
equal heights of the Sun above the horizon (that is, 
for equal thicknesses of air passed through), the 
absorption varies in the same locality according to 
the season. Now it has been found tliat it is not tlie 
air itself (that is, the mixture of oxygen gas and 
nitrogen gas), which absorbs the most heat. The 
watery vapour or steam present in the atmosphere in 
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ve?y variable proportions, has an absorbing power at 
least seventy times more considerable than pure dry 
air. This explains the fact observed by Professor 
Secclii, namely, that solar radiation is less intensely 
felt in Summer than in Winter when the Sun is at the 
same ht^igld : in Summer the quantify of vapour con- 
tained in the air is much greater than in Winter. 

It results from some exj^erinients made at different 
altitudes by tlic late Professor Forbes, by the (iernuiu 
inet(H)rologist Kaerntz, and afterwards again by M. 
Martifis, of Montpellier, that the intensity of solar 
radiation is much greater ou the mountains than in the 
valleys. The reason is, in tlu' first place, hecause the 
layer of atmosphere wliich the rays pass through is loss 
extensive ; and next, because the air above the mountains 
is much dryer, much less charged with vapour, than the 
air of th(! plains. Nevertheless, we feel it, colder tlie 
higher we ascend, so that there is an apparent contra- 
diction here, which is not difficult to (explain. The 
ol.)jects which receive directly tlai influence of the solar 
rays get heated, whilst the air absorbing only a small 
(iuantity of heat remains cold. ‘ Never,’ says Pro- 
fessor T}mdall, ^ did I suffer so much from solar heat 
as when descending from the corridor to the ijrand 
plateau of Mont Blanc, on the 13th August, 18o7; 
whilst I sunk up to the waist in the snow, the Sun 
darted its rays upon me with intolerable fierceness, 
fin entering into the shade of the Dome du Goide 
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these impresHiorjci instantly changed, for the air was as 
cold as ice. ft was not really much colder than the 
air traversed hy the solar rays ; and I suffered, not 
from contact witli warm air, hut from the stroke of tlu^ 
Sun's rays, wliich n^aclied me after passing through a 
medium as cold as ict^'’ 

Va]»our of water arrests a greater proportion of 
solar rays than tlie air in which this vapour is dissemi- 
nated : })ut these rays are composed, as we all know, 
of two ditferent sjx'cies radiation, — luminous radia- 
tions Jind obscure radiatious; and lliese two kinds of 
radiations und('rgo v<;ry une(|iial a})sorptions. Tin' 
first [>ass almost (‘Utirt'ly through the air and reach 
tlie surface of tlie ground ; the others, on tlie con- 
trary, are mostly absorbed. Tlu^refon.^, though th(‘ 
almos]»here pr(‘vents a large portion of the solar heat 
froui rt'acliing the. surface of tlu‘ globe, it possesses the 
faculty of eom])eiisatiiig for this by retaining that 
wbiclj warms it. Without tiu^ pn'sence of tliis atmo- 
sphere and the vapour it contains, the radiation of 
heat from the surface of the soil towards c^elestial 
space would meet with no obstacle, and tin? loss of 
beat would be something tmoruious: tliis is, in fact, 
what happens to a certain extent on high mountains. 
Soon after suns<*t a rapid cooling would succeed to 
the intense beat of the direct rays of tlie Siin ; in a 
word, we should have between the maximum and 
minimum temperature of the day, or the mouth, an 
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enormous difference. Tliis is what is observed on the 
high plains of Thibet, and accounts for the rigour of the 
winters and the fall of the isothermal lines in these 
regions.’*' Professor Tyndall has remarked that ^tlie 
suppression, during one summer night, of the watery 
vapour contained in the atmosphere which covers 
England, would have for efiFect the destruction of all 
plants that are killed by frost. In the desert (vf 
Sahara, where “ the soil is fire and the wind flame,” 
the coldness of the nights is often very painful to 
bear. Even in that hot climate ice can be formed 
during the night.’ 

Intrinsic Intensity of the Sun’s Heat. — Solar Heat would melt 
every day a layer of ice 17 kilometres (10J miles) thick, 
enveloping the Sun. — Heat of Space compared with the 
Heat of the Sun. 

But let us return to the heat of the Sun. Let us 
estimat>e its intrinsic intensity. We must first observe 
that the means employed by physicists to measure the 

• [As rough surfaces radiate more than smooth surfaces, a 
forest district on the mountains is soinetirnos very remarkable 
in this respect. In my niineralogical expeditions among the 
woody hills of Waldeck, in Germany, I have often been sur- 
prised by the rapid cooling of the air immediately after sunset. 
After a liot July day, when a simple Home was almost into- 
lerable, no sooner had the Sun disappeared below the horizon, 
than a great-coat was found to be an exceedingly pleasant 
article of clothing.— P.} 

I> 
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intensity of the caloriiSc radiation of the Sun at the 
sxirface of tlie earth only yield approximative results. 
The pyrlieliometer of Pouillet yields a minimum 
result, because a portion of the heat is evidently 
absorb<.‘d ; tlie figures given above as the conseipiences 
of liis experiments are, therefore, rather below the 
truth. By adopting them provisionally we can cal- 
culate the quantity of heat which the Sun gives, not 
only to the Eartli, but to the entire heavens ; that 
which the solar globe, in fact, radiates all around 
itself, from every point, and distributes to the whole 
universe. 

When the Sun is at its mean distance from the 
Earth, the quantity of heat which it distributes per 
minute to 1 s{|uare metre (1*196 square yard) is, as 
we have seen, 17,633 calories. It is evident that the 
same quantity is received by every scpiaro metre 
composing the suihu'e of a .sphere having the Sun for 
its centre and the distance from the Sun to the Earth, 
for its radius. We find for the entire sphere (that is, 
for the radiation which it receives from the Sun in 
one minnt(i), a number of calories equal to 4,847, fol- 
lowed by 25 ciphers. We may as w^ell remark that 
the surface of this sphere equals 2, 150, 000, 000 times 
the surface limited hy a great circle of the Earth, It 
is, therefore, by the latter figure that we must mul- 
tiply that which we found above for a terrestrial 
hemisphere, if we wish to obtain the total quantity of 
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heat radiated by the Sun in the course of one year. 
Let us represent these terribh^ figures in another way, 
and say with Poiiillet: — 

‘ If tlie total (]uantity of heat emitted by the Sun 
were exclusively employed to melt a layer of ice closely 
surrounding the solar globe, that quantity of heat 
would be sufficient to melt in one minute a layer 
11*8 metres n2‘8(J2 yards), and in one day a layer 
17 kilometres (lO^' niiles) thick.’ This same (juantity 
of heat, according to Prof. Tyndall, ‘ would boil in one 
hour 2,900 thousand millions of cubic kilometres of 
water at the temperature of ice. Expressed in another 
way, the heat emitted by the Sun in one hour is equal 
to that wliich would be ])roduced by the combustion of 
a seam ef coal 27 kilometres (16*(>5 mili^s) tliick.’ 

Sir John Herscliel, again, has made the following 
ingenious comparison, wJdch shows, in a very original 
manner, the prodigious activity of this immense focus 
of herat, of which the Earth absorbs at most a portion 
equal to 1-2,1 50, ()(X),000tli, ^ Let us imagine,’ says 
he, ^ a cylindrical pillar of ice, 45 miles in diameter, 
to be continually darted into the Sun, and that tlie 
water produced hy its fusion is continually carried off. 
In order that the heat given off constantly by radia- 
tion should be wholly expended in its liquefaction, it 
would be necessary to plunge the cylinder of ice into 
the Sun with the velocity of light, or, in other words, 
the heat of the Sun can, without diminishing its 
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intensity, melt in a second of time a pillar of 1590 
square tniles at its base, and 194,626 miles in height.’ 

It is necessary to observe that the determination 
of the intensity of solar heat-radiation reposes upon 
no hypothesis. ‘ It is,’ as rouilh‘t remarks, ‘ inde- 
pendent of the real nature of the Sun, of the matter 
which composes it, of its radiating power, of its 
temperature, and of its specific heat ; it is simply the 
immediate consequence of the best-established prin- 
ciples regarding radiating heat, and the figure arrived 
at in our experiment.’* 

We intimated at the commencement of this chapter 
that Poxdllet had determined, approximately, the tem- 
|.Kn'ature of interplanetary space, and found it to be 
about 142° below freezing point. Now, it results from 
the researches of the same acute observer upon the 

^ Tins figure alone will be, probably, modified when 
the same experiments shall have been repeated several times in 
localities wliicli differ by their geographical position, their 
altitudes, and their climates, so that all causes of local per- 
turbation shall have been eliminated. Moreover, we shall have 
to take into account the diffusive power of lamp-black, which 
Pouillct has neglected to do, hecause, when he made his expe- 
riments, observers considered the absorbing power of lamp- 
black to be absolute. In any case, the figures which express 
the measurement of solar radiation, given in the text, must be 
rather below reality than above it. Professor Qnetelet and M. 
Alt? as, who have repeated the experiments of Sir John Her- 
aohel and M. Pouillet, have arrived at numbers which are double 
and treble tiiose we ht?ve given above. 
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quantity of heat which celestial space communicates to 
the Earth and its atmosphere, in the course of a year, 
that this heat would be able to melt a layer of ice 
26 metres (27i^ yards) thick enveloping our globe. 

Thus, on the one hand, the heat of the Sun would 
melt a layer 31 metres (33^ yards) ; and, on tlie other, 
the lieat derived from space would melt another layer 
of 26 mc^tres ( 27 1 yards). The latter is, then, equal 
to about 5-6ths of the first; which result cannot fail 
to appear paradoxical. But when we reflect that the 
disc of tlie Sun seen from tlic Earth only occupies the 
l"200,00()th of the celestial vault, that the radiating 
surface of the central orb, compared with that of the 
celestial space which surrounds the Earth, is 200,000 
times less, we are no longer surprised to find that a 
medium so cold as space can produce a calorific effect 
on our globe nearly equal to that which the Sun itself 
produces. 

Solar Heat : its Mechanical Effect on the Surface of the Earth. 

One of the greatest discoveries of modern science 
is, without doubt, that which establishes the corre- 
lation of mechanical work and heat, or the possibility 
of converting these two equivalent elements one into 
the other. Tlie quantity of heat which is called a 
calorie is, as every one knows, the amount required to 
raise 1 kilogramme (2*20 lbs. avoirdupois) of water 
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centigrade ; on tlie other hand, mechanicians have 
called kilogrammetre* the work done in raising 1 
kilogramme to the height of 1 metre in 1 second of 
time* The problem solved consisted in determining 
how many kilogrammetres can be produced by 1 
calorie entirely transformed into mechanical work ; or, 
inversely, how much heat is produced at tlu^ expense 
of a given mimher of kilogrammetres. We know, at 
the present day, that 1 calorie is equivalent to about 
425 kilogramm(‘tres ; and tliis number is cjdled the 
nheekamml equivalent of heat.f 

We have seen what the heating pow'er of tlie Sun 
is when expressed by calories or lieat-iinits. We have 
seen wdiat weight of water this cjuantity of heat would 
cause to boil ; wluit a layer of ice it would melt at the 
surface of the >Suii in the short apace of one day ; what 
a layer of ice would be melted at the surface of the 

® A term now adopted in England and other countries, as 
well as in France. 

f The names of the modern experimentalists who have 
strived to solve this important problem are Ilumf>rt, Mayer, 
Joitle, Thomson, Helmholtz, Him, Clausius, Kegnault, and se- 
veral others. Pint Mayer was inct)ntestal>ly the first to give a 
decisive answ^er to the {juestion. [In England the unit of heat, 
or calorie, is sometimes stated to be the (quantity rerpured to 
raise 1 lb. of water from 60^ to Gl^ Fahr., the equivalent of 
which in work is 722 foot-pounds ; i,e, it will raise 772 lbs. to 
the height of 1 foot. But several of the most distinguished 
English and German wTiters have adopted the Frencii expres- 
sions which will, doubtless, soon become universal. — P.] 
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Earth by that portion of solar lieat wliieh falls, in the 
space of a year, upon the globe. Now we are enabled 
to state what is the mechanical power of this immense 
source of heat ; we can estimate the amount of force 
that all this heat incessantly supplied to us could 
generate at the vsurface of our globe if it was entirely 
converted into work. 

In one year every square metre (M9 square yard) 
on the surface of tlie Earth receives 2,318,ir>7 ca- 
lories; that is more than 23 thousand million calories 
per liectare (2-47 acres), or 9, 852, 200, 000, 000 kilogram- 
metres, Thus we see that the calorific radiafions of 
the Sun, in falling upon a superficies of about 2 ij- acres, 
develope, under a thousand different forms, forces wliieh 
are ecjuivaleiit to the continuous work of sleaTn-engines 
of 416*3 horse-power. For the entire surface of the 
globe this sum of work is represent (‘d l)y 510 sextillions 
of kilograinmetres, or by 2 17,3 16,000, 000, 000 horse 
powers. 543 thousand millions of engiiu^s, each of 
400 horse-power, working day and night without in- 
termission, — such is the representation of the effect 
produced upon our planet alone by the solar rays. 

A portion of this force is employed to warm tiic 
crust of the Eaifli to a certain depth ; but, as tlie soil 
and the atmosphere radiate heat to space, and as tlie 
terrestrial globe appears neither to lose nor gain as 
regards its mean temperature, at least for a very long 
period of years, all this portion of the solar radiation 
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may be considered as maintaining equilibrium of tem- 
perature upon the globe. 

Another portion transforms itself into molecular 
motion, into chemical action, which constitutes the 
source of vegetable and animal life. The heat which 
appears proper to these beings (animal heat, the heat 
of plants) is nothing more than an emanation of that 
of the Sun. ‘ Thus it is,’ as Professor Tyndall has said, 
^ that we are not only in a poetical sense, but in a 
pun?ly mechanical sense, the children of the Sun,’ A 
little further on we shall have something more to say 
of solar action from this interesting point of view. 
Lastly, the calorific radiations of the Sun produce 
most of the phenomena of motion visible to tbe naked 
eye, of wliich the soil, the air, and the waters of the 
Earth, are constantly the theatre. This is easy to 
render evident. 

To what cause, indeed, can we assign the aerial 
currents, those regular and irregular movements which 
we observe in the gaseous matter of the atmosphere ? 
Evidently to solar heat, that only slightly warms the 
layers of our atmosphere, but whicli darts upon the 
soil of the tropical regions and raises them to a higher 
temperature than otlier latitudes. The lowest layers 
of air in contact with the soil are thus lieated and 
dilated, the rarefied air thus produced ascends and 
flows to the north and to the south towards the higher 
latitudes, whilst it is replaced by masses of colder air 
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supplied by the temperate and polar regions. Thus 
are formed those regular currents of air known as 
trade-- winds y the directions of which are, however, 
modified by the rotation of the Earth. 

Two aerial rivers flow incessantly in each hemi- 
sphere from the equator towards the poles : the higher 
one flowing towards the north-east in the noftheni 
hemisphere, and towards the south-east in the southern 
hemisphere; the other, or lower cuiTent, taking pre- 
cisely the contrary direction, and forming a stream 
from the north-east or south-east. ‘ Thus are produced 
the great winds of our atmosphere, which are mate- 
rially modified, however, by the irregular distribution 
of earth and water. Winds of minor importance are 
produced by the local action of heat, cold, or evapo- 
ration, There are winds, formed by the heated air in 
the valleys of the Alps, which rush with destructive 
violence through the gorges of the mountains. There 
are agreeable puifs of breezes which descend from the 
glaciers on the heights. There are land-breezes and 
sea-breezes owing to variations of temperature upon the 
coast during the day and during tlie night. In the morn- 
ing the heat of the Sun upon the soil causes a vertical 
ascension of air which the cooler air of the sea comes 
in to replace. In the evening the soil is sooner cooled 
by radiation than the water of the sea, and the circum- 
stances are reversed : it is then the cooler and heavier 
air of the coast that flows towards the sea.’ (Tyndall.) 
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The winds, therefore, have, all of them, for com- 
mon origin the heat of the Sun exerting itself un- 
equally upon the various regions of the Earth’s surface, 
according to the position of our planet ; this position, 
we know, varies unceasingly with the hour of the day 
and the period of tlie year. The rotation and transla- 
tion ()f the Earth co-operate, then, with the radiation 
of heat hy the Sun, to produce these currents of air in 
the atmosphere. A portion of the mechanical power 
of the ethereal emanations of the Sun is thus expended 
in producing visible motion. 

Ihit this is not all. The alternate heating and 
cooling of the soil and of the atmospliere produces at 
one moment evaporation from the waters of seas, rivers, 
and lakes ; and at another, a condensation of the 
watery vapour eontained in the air. When the vesicles 
which constitute clouds are cooled, they unite to form 
drops, which fall hy their own weight to the ground in 
the form of rain. If tlie cooling is more intense, they 
congeal to form snow, wdiich accumulates itself princi- 
pally on the mountain-tops; in these higher regions 
snow is tnmsformed into glaciers. Tlie beat of the 
Sun melts again the congealed water of the fields of 
snow and ice, springs arise, and streams flow down the 
mountain side hy the action of gravitation, and, uniting 
with the rain-water, form hrooks and rivers. Water 
returns thus to the ocean, from wlience the beat of the 
Sun had caused it to rise. 
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We see, then, that the circulation of water like that 
of air — those incessant motions so indispensable to the 
maintenance of life on the ^lobe — acquires the me- 
chanical force which gives rise to it, partly from the 
mechanical power of tlie Sun and partly from gravita- 
tion at the Earth’s surface. 

Other liquid currents, those which furrow the seas 
from tlie e(]uator to the poles, are produced in the 
same manner ; unequal temperatures give rise to un- 
equal dilatations, to ascending and descending currents 
in the waters ; evaporation produces a reverse eift'ct by 
increasing the saltness of the sea where the solar heat 
causes this evaporation to be most considerable, that 
is, in the regions of the equatorial zone : Ijence arises 
a diffenmce in the specific gravity of tlui waters and 
motion (or currents) wliich is the consecjnence of it. 

The <|uantity of motion thus unceasingly produced 
by solar heat upon the surface of our globe is immense. 
It is not confined to the aerial, fluvial, or oceanic cir- 
culations ; or, in other terms, these circulations them- 
selves give rise to incessant modifications in the solid 
crust of the Earth. A slow but continuous degradation 
of rocks and strata, transport of sand, gravel, and mud, 
from year to year, and from century to century, change 
the form of our coasts, the shape of our hills and 
mountains. And it is still the mechanical power of 
solar heat which is the prime cause of all these trans- 
formations. 
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§ III — The Chemical Radiations of the Sun. 

Combinations and Decompositions produced by Solar Light. 

It is not only in the form of heat and light that 
the Snn poxirs periodical!}^ upon the Earth its powerful 
and fertile emanations ; the presence of its rays is 
manifest in yet anotlier, less apparent, hut no less effi- 
cacious form, and no less capable of modifying the 
substances submitted to their action : a multitude of 
chemical combinations and decompositions are effected 
by their influence. 

This peculiar kind of activity inherent in the solar 
rays, wfts made evident for the first time by Sclieele in 
1770. This celebrated chemist discovered that white 
chloride of silver exposed to the light of the Sun took 
a dark violet tint. Since then the phenomenon in 
question has been studied and explained : it is simply 
a decomposition of the chloride of silver into its two 
elements, chlorine and metallic silver. Chloride of 
silver is not, however, the only chemical compound 
which solar light has tlie property of reducing ; nitrate 
of silver, chloride of gold, and in general the chlorides, 
bromides, and iodides of metals not easily oxydisable, 
such as gold, mercury, silver, and platinum, are simi- 
larly affected. Under the continuous action of the 
Sun’s rays, nitric acid, which, as every one knows, is 
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quite colourless, becomes yellow, whilst it loses some 
oxygen and evolves reddish vapours; the same re- 
ducing action occurs with a great number of other 
oxydised compounds placed in the same circumstances. 

An experiment which is well known to all who have 
studied chemistry illustrates wonderfully this peculiar 
action of the Sun’s light. We know that chlorine 
has a great affinity for hydrogen ; a mixture of equal 
volumes of these two gases produces hydrochloric acid. 
When a lighted taper is plunged into the vessel that 
contains such a mixture, a loud detonation accompa- 
nies the combination of the two gases. But light can 
produce the same effect as the heat of the taper, and 
if the glass vessel containing the mixed gases be thrown 
into the air, in a place where the sun shines, a violent 
explosion ensues, and breaks the vessel into a thousand 
pieces before it reaches the ground. The light of the 
Sun is, therefore, capable of producing combination as 
well as decomposition. Tlie latter example is not the 
only one of its kind; bromine acts like chlorine in con- 
tact with certain compounds of hydrogen ; gum guai- 
acum is oxydised in the Sun’s rays, and its colour 
changed from white to a dark blue. 

Every one is aware how linen is bleached by 
spreading it over the damp grass, so as to ex])ose it 
to the light of the Sun ; this is another case of oxyda- 
lion of organic compounds by the influence of the solar 
rays. 
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The production of the picture in the daguerreotype 
proces-JB and photography, — an art wliich has of late 
years been so itnrnensely developed, — is based upon 
the eflfects of the solar rays upon certain substances 
whicli are very sensitive to their action. Moreover, 
a totally new branch of science called ‘ photo-che- 
mistry,’ has arisen from the researches made upon 
the chemical action of various sources of light, among 
which solar light is by far the most important. 


Analysis of the tSolur hays. — Luminous, Calorific, and Chemical 
Intensity of the various parts of the Spectrum. 

Every one knows, now-a-days, that the white light 
of tlui Sun is composed of a considerahlc number of 
tinUHl rays, among which seven principal colours can 
lx* easily distinguished, viz., red, orang(^, yellow, green, 
him/, indigo, and violet. The pencil or beam of white 
Jiglii that passes through a prism is transformed during 
its passage through thivS refracting medium into an 
elongated image showing the above-mentioned colours 
and known as a spectrum. This is the jdienoinenon 
called the dispersion of coloured rays, and is described 
in all elementary works on physics. 

The investigation of the spectra produced by dif- 
ferent sources of light has, of late years, revealed a great 
number of most important phenomena, but liere we 
must content ourselves with those which concern more 
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particularly the Sun’s light, and we must especially 
learn to distinguivsh, in its spectrum, rays which an^ 
characterised respectively by their calorific^ luminom^ 
or chemical effects. 

Wlien a l)eam of solar rays falls upon a given 
point before being decomposed by a prism, all these 
three kinds of effects are uuited, and the spot of light 
will produce lieat, chemical and luminous effects, for 
the different waves of light are mixed up and act to- 
getlier. But when the same beam is caused to s|>read 
itself out and form a spectrum, that is, a long ril)bon 
in wliieh the rays are arranged one below the other in 
the order of their refrangibility, in which the different 
waves of light are separated according to their re- 
spective sizes, or, in other terms, according to the 
^'elocity of vibration which characterises each of them, 
we can study them from the three points of view 
just mentioned. 

As early as the year 1800 William Herscliel re- 
marked that the various parts of the solar 8pe(;tnim 
possess very different heating powers. He found tljat 
this property increased very notably by passing a ther- 
mometer from the violet to the red extremity of the 
spectrum ; even beyond or above the red th(i t(unpera- 
ture was found to rise, and only diminished at a 
certain distance from the visible extremity. It is not, 
then, the luminous rays which are the hottest, and 
among the solar rays there exist some which, though 
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incapable of acting upon our eye^ to produce the sen- 
sation of light, nevertheless produce heat ; beyond the 
visible portion of the spectrum there exists an invisible 
or dark portion situated above the red where the maxi- 
mum of calorific action is found. 

In 1781 when Scheele discovered the reducing 
action of sunlight upon chloride of silver^ he found 
that this compound was blackened more especially at 
the extreme violet end of the spectrum. Dr. Wol- 
laston went a little further still. He found underneath 
the violet an invisible region of the spectrum acting 
chemically upon certain substances, reducing them or 
oxydising them, which occupied a space equal to at 
least that which separates the violet from the red. 
M. Edmond Becquerel investigated these ultra-violet 
rays, and found that this portion of the spectrum, like 
the coloTired portion, is traversed by a number of dark 
lines indicating points where certain rays are absorbed.’^ 
In short, the solar spectrum appears to be formed 
of three parts, which are superposed, so that one more 
or less overlaps the other ; one of these portions con- 

® [Our readers will, perhaps, inquire how it is possible to 
detect these dark lines in a portion of the solar spectrum which 
is invmhh to the eye. We may, therefore, state here, that this 
invisible portion below the violet can be rendered visible by 
causing the solar spectrum to fall upon certain solutions which 
are fluoresemt^ such as sulphate of quinine, decoction of horse- 
ohetnut bark, &c. The peculiar phenomena of fluorescence 
have been very ably investigated by Professor Stokes, of Cam- 
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tains all those rays which act upon the optic nerve and 
produce the sensation of light — it is the visible and 
coloured portion of the spectrum, and has its inaxitnum 
of intensity between the Fraunliofer lines I) and K. 
Another portion is composed of heat -rays which com- 
mence in the violet where they are very weak, and pass 



Fig'. 4 — Tleut, Liwlit., and Cbemical Spectra of Solar 1 . lloat Spoctnirn, 

RMT; 2. Luminous -'•poctrum, K'M'T'; 3. Chemical Hjtoctrum, P. 


beyond tlie red extremity, at a certain distfince from 
which they attain the maximum of intensity. Lastly, 
the third portion, whose action commences about the 

bridge University. Phospborescerit bodies also shine in the 
ultra-violet region of the spectrum. For rnon^ ample details on 
this subject, see IMiipsou, ‘ Phosphorescence, or the KtriisHion of 
Light by Minerals, Plants, and Animals,’ p. 15 , cif The in> 
visible chemical spectrum is often spoken of as composed of 
acUnic raya. Its dark lines are rendered evident by its plioto- 
graphic action. — P,] 
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regioti of the blue, goes on iucreasing towards the ex- 
treme end of the violet, and continues beyond the 
visible portion ; the exact position of its maximum of 
intensity depends upon the nature of the substance 
submitted to its action. In our figure the curve of 
chemical intensity represents the action of solar light 
upon a silver plate covered witii iodine, as in Daguerre’s 
process. 

However, they are the same waves of light, the 
same more or less rapid vibrations, which produce 
these varied effects ; the only difference which exists 
between the different solar rays is the length of wave 
or undulation, which at one spot gives rise to calorific 
effects; at another, to effects of light and colour; and 
at a third, to chemical effects. 

In the same way that we have sought to measure 
the intensity of tlu' light and heat of the Sun on the 
surfac(‘ of tlie Darth, we have endeavoured to estimate 
also the intensity of its chemical action. Two of our 
contemporaiy chemists, Messrs. Bunsen and Kosccie, 
have found that the power of the Sun, in this respect, 
can be represented by a volume of ebiorine and hy- 
drogen gas enveloping the Earth to a thickness of thirty 
metres (38*15 yards): in a single minute the ac^tion 
of the solar rays would transform this immense volume 
of gas into hydrochloric acid. Here again, as with 
heat and light, our atmosphere exerta a certain amount 
of absorption ; under the normal inclination of the 
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solar rays, the layer of hydrochloric acid formed would 
be only 17 metres (18^ yards) thick; it would Ih^ 
reduced to 11 metres (12 yards) if the rays of the 
Sun are supposed to traverse the atmosphere at an 
angle of 45'^, 

In one year the layer of mixed hydrogen and 
chlorine gas which the chemical rays of the Sun 
would cause to combine on the entire surface of the 
globe would amount to a thickness of 4600 kilometres 
(2841;^ miles). If this amount be converted into heat, 
it gives more than 4000 times the number of calories 
deduced from the heat-rays of the Sun, and yet we 
liave seen above what an enormous amount of heat 
the terrestrial globe receives directly from the Sun in 
the course of a year. 

We have now some notion of tlie power of the 
solar mdiations, both those of heat and of light, and 
also tliose whicii occasion chemical action. It re- 
mains for us to sketch out the influence whicli these 
three combined exercise upon the organised beings 
which live on the surface of the Earth, 




CHAPTEE II. 


Inflitekce of the Sun upon living beings. 

Action of Solar Light on Plants — Evolution of Oxygen, re* 
teiitwn of Cfirhon — Vegetation in the dark — Indirect in- 
fluence of Light on Flowers — Vegetables are beings spun 
out of air by the Sun. 

The effects of solar Iieat on the Plarth, studied from 
a purely rnechanical point of view, have been seen 
above. We know tliat tljis heat is the cause wJu'ch 
determines the movements of the atmosphere and the 
great currents of the ocean ; that it raises vapour from 
tlie damp soil, from the seas and the rivers, which it 
causes to fall again as rain, hail, or snow. The power 
which, during a hurricane, snaps and uproots the 
largest trees, is borrowed from the Sun ; it is a trans- 
formation of the heat -vibrations of its mass into a 
translatory motion of those gaseous molecules which 
compose the atmosphere of the Earth. 

In phenomena of a purely physical order the 
transformation of tlie power of the solar rays is, we 
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may say, direct. The ethereal undulations caused by 
the vibrations of the Sun's mass, after spreading from 
the central orb to our planet with a velocity of some 
185,000 miles per second, communicate to the mole- 
cules of the air an intimate motion which manifests 
itself to our eyes as a dilatation, and determines a 
change in the density of the gaseous mass.. The equi- 
librium of the different layers is destroyed, gravitation 
tends to re-establish it and does the rest : the molecular 
motion changes into a motion of masses. 

No doubt solar heat has another kind of influence 
on the globe. Since the time of Ampih'e our pliy- 
sicists have studied those magnetic streams which flow 
around the Earth as thermo-electric currents produced 
by the une(|ual distribution of solar heat over the 
Earth’s surface, or by the action of the fused nucleus 
upon the solid crust of the globe. It appears certain, 
at any rate, that the diurnal, monthly, and annual 
variations of the compass, are intimately connected 
with the course of the Sun. Such is, in a few words, 
a sketch of the influence of the central orb upon 
inanimate bodies, and consecpiently upon the media 
in which organised beings are born, live, and die. 
Let us now enter into a few details with regard to 
the effects of the Sun upon life itself. 

The beneficial and fniitful action of the solar rays 
upon living beings, both on vegetables and aniinalB, ivS 
so evident, so well known and appreciated by every 
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one, that it appears almost superfluous to develope a 
thesis upon a subject which no one will attempt to 
contradict. But the manner in which this action 
exerts itself is less known, — thatwhicli is most generally 
ignored is the chain of intermediate phenomena by 
which the luminous, calorific, and chemical rays are 
capable of acting tipon organised beings, and main- 
taining in them a source of life. 

It is now about a century since Dr. Priestley in 
England, and Dr. Bonnet in Geneva, recognised the 
fact that the green parts of plants emit a gas which 
supports combustion, — oxygen gas. A little later 
Ingenhouz remarked that this oxygen was only emitted 
when the green parts of plants were exposed to the 
Sun ; in the dark, on the contrary, they evolved car- 
bonic ac‘id gas. It remained to be learnt where the 
oxygen evolved by the leaves of plants came from. 
This was pointed out by Sennebier, and science 
was henceforward in possession of the following fun- 
damental facts : — the green portions of plants exposed 
to the direct rays of solar light decompose the carbonic 
acid gas contained in the air, retain its carbon in 
their tissues, and set at liberty an equivalent amount 
of oxygen, that which, combined with the carbon, 
formed the carbonic acid. In the dark, on the con- 
trary, the oxygen of the air is partly absorbed by 
the plant, and carbonic acid, produced by the oxyda- 
tion of some of the vegetables’ carbon, is evolved. 
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But this is not all. We know from the more 
recent researches of a learned American, Dr. Draper, 
that this decomposition of carbonic acid by plants is 
only operated by the luminous rays ; neitlier the purely 
calorific rays, nor the chemical rays occasion the evo- 
lution of oxygen ; ^ but we must not hasten to con- 
clude,’ says J. Sachs, in his treat ise on ‘ Vegejtalde 
Physiolog}^’ ‘ that the chemical rays play no part what- 
ever in the nutrition of the plant : before complete 
assimilation can take place there are many other steps 
to be taken besides the evolution of oxygen gas.’ If 
clouds happen to intercept the light of tlie Sun the 
disengagement of oxygen gas is considerably slack- 
ened ; the same thing occurs during twilight, and if 
the atmosphere l)e completely deprived of solar light — 
for instance, during a total eclipse — the phenomena 
of vegetation proceed as at niglit, carbonic acid is 
emitted instead of oxygen. 

The differently coloured rays have not, however, 
the same reducing action upon the carbonic acid of 
the atmosphere : according to the researches of Dau- 
beny, Hunt, Draper, and the recent exp(;riment8 of 
M, Cailletet, three colours which are the most active 
in chemical decomposition — for instance, the violet, the 
blue, and especially the green — are precisely the least 
favourable to this decomposition. In fact, it appeiars 
to be proved that in the green rays of the spectrum 
leaves of plants actually secret carbonic acid. This 
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would explain, to a certain extent, the well-known 
fact that, underneath large trees, vegetation droops 
and languishes, even when the shade is not very 
intense. 

Heat cannot supply the place of light in the 
important function of vegetation.^ A plant which is 
shut up in a dark place, even when there is a suffi- 
cient degree of temperature, becomes chlorotic ; its 
green colour disappears; it only lives and grows at 
the expense of its own substance. M. Boussingault 
has recently studied the phenomena of vegetation in 
the dark ; his experiments prove that if the young 
plant raised from a seed be developed out of all con- 
tact with light, the leaves do not act as a reducing 
apparatus; a plant born under such circumstances 
emits carbonic acid constantly, as long as the suIh 
stance of the seed can supply any carbon, and the 
duration of its existence depends upon the weight of 
this substances It is a singular fact that a plant, 
developed in complete darkness with stalk, haves, and 
roots, performs functions like an animal during tlic 
whole period of its existence*. ‘ It is only under the 
influence of light that leaves are sensitive, endowed 
with periodic movements, and capable of motion. 

♦‘By the influence of light/ as Molescliott has truly re- 
marked, ‘the briliiaiit nights of the polar regions cause the 
crops to ripen in a short time, wliilst many days of our sum- 
nier heat cannot accomplish it.’ 
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In the dark they are rigid and appear to be asleep.’ 
(J. Sachs, ^ Vegetable Physiology.’) 

Finally, if the development of the various colours 
of flowers be independent of the local action of light, 
the latter is no less indirectly the indispensable agent 
both of the formation and of the colours of flowers, 
since the corolla and the staminte can only grow and 
subsist at the expense of substances foimed in the 
leaves by the action of light. 

‘ Leaves, flowers, fruit, are therefore beings spun 
from the air by light. When we contemplate their 
striking colours and their sweet perfumes causing a 
feeling of serene satisfaction in tlie poetic soul which 
lies dormant in the mind of every one, we are reminded 
that light is the mother of the colour and the per- 
fume.’ (Moleschott, ‘ Life and Light.’) 

We should not, however, combine these two phe- 
nomena, namely, the colour of plants and their odori- 
ferous properties, for whilst the green colour appears 
to be a consequence of the exhalation of oxygen, it is, 
on the contrary, by oxydation that the essential oils 
which produce the perfume are fonned. But this 
oxydation is itself accelerated by solar light; hence 
many flowers which scent the air during the day lose 
their perfume at night. 



58 


The Sun, 


Effects of Solar Hays upon the life of Animals— -Health 
of Man, and life in the Country. 

If the sohir rays, and among them the luminous 
rays, play so important a part in the phenomena of 
vegetation, it is (evident that tliey cannot he less use- 
ful to animals. Indirectly they are absolutely ne- 
cessary to them ; for, after all, the vegetable kingdom 
supplies nutriment to the animal world. But the 
experience of every day teaches us what a great in- 
fluence the light of the Sun has upon the health of 
men and animals; it is almost enough to compare 
those who pass the greater portion of their lives in 
the opim air and in the sunshine ■with those who 
live in obscure dwellings, in narrow streets, and densely 
populated cities. Dwellings which are badly light;^?d, 
besid(^s being damp, cold, and ill ventilated, are un- 
healthy from the mere fact that they are not vivified 
by the solar rays. But the kind of action which 
these rays exert in this case is quite distinct from 
their influence on plants. In the act of respiration 
animals consume oxygen, and exhale carbonic acid 
both day and night, although nocturnal respiration 
gives out less carbonic gas tlian tlie same function 
during the day. It results from this that animals 
produce precisely the gas which is necessary for plants, 
and the latter that which animals require for respira- 
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tioii. It is not surprising, then, that life in the 
country and daily walks in the green woods are so 
essential to perfect health : — The leaves of tlie trees, 
the blades of grass, all the plants which cover the 
ground, exhale oxygen in abundance; in such cir- 
cumstances, our lungs are filled with the purest and 
most vivifying air. 

Dr. Moleschott has made numerous experiments 
which tend to prove that, taking everything into 
account, heat, atmospheric pressure, nutrition, &c., 
the quantity of carbonic acid exhaled by an animal 
increa-ses with the intensity of light, and attains its 
lowest limit in complete obscurity. ^ This is as much 
as to say,’ he adds, ‘ that the light of the Sun accele- 
rates molecular work in animals,’ 

The rays of the Sun are, therefore, from every 
point of view, the first condition of existence for 
organised beings on the surface of the hlarth. They 
supply them witli heat, without whicli life would 
soon be extinguished ; with light, which presides over 
the nutrition of plants, and consecpiently over the 
lives of every being in the animal world ; at every 
moment they determine numerous chemical combina- 
tions and decompositions. They constitute an in- 
cessant and periodically renewed source of movement, 
power, and life. Men of the present day profit not 
only by the prodigious quantity of force which the 
Sun annually pours upon the Earth in the form of 
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calorific, chemical and luminouB undulations, but they 
are consuming also that which has been preserved 
for thousands of centuries. What are, in fact, the 
accumulated masses of coal buried in the crust of 
the Earth by geological action, but the produce of 
solar light condensed some thousand centuries ago in 
gigantic forests ? Their carboniferous principle trans- 
formed by a kind of slow diatillatiou amassed itself 
first into a peaty tissue, then into more and more 
compact strata, until the layers of vegetable remains 
were completely converted into basins of coal. At 
the present day, in our manufactories, our locomotives, 
and steamers, these precious fossils give back to man 
in light, heat, and mechanical power, all that they 
had formerly acquired for thousands of years from the 
rays of the Sun.^ 

Influence of the Sun on the Terrestrial Globe — Ilecapitulation 
of the foregoing facts — Keligious conceptions of the Aryas. 

In a page of his work on Heat Professor Tyndall 
has condensed, in an admirable manner, the datfi 
which we have given above regarding the influence 
of the solar rays. ‘ As certain as it is that the force 
which puts a watch in motion is derived from the 

* [This sublime thought has been shown by Grove, Smiles, 
and other eminent writers, to have been first enunciated by onr 
celebrated engineer, George Stephenson. — P.] 
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baud which winds it up, so certain is it that all 
terrestrial power is derived from the Sun, Without 
taking into account the eruptions of volcanoes, the 
flux and reflux of the sea, every mechanical action 
we observe on the surface of the Earth, every mani- 
festation of power, organic or inorganic, vital or 
purely physical, has its origin in the Sun. Its heat 
maintains the sea in its liquid state, the atmosphe^re 
in a gaseous state, and all the tempests whicli agitate 
the one and the other can be traced to its mechani- 
cal force. It attaches to the sides of the mountains, 
the sources of rivers, and the glaciers ; and eonse* 
quently cataracts and avalanches precipitate them- 
selves below with an energy which is derived imme- 
diately from the Sun, The thunder and the lightning 
are another manifestation of its power. Every fire 
that burns, and every lamp that shines, expend heat 
and liglit. which originally belonged to the Sun. At 
the period in which we Jive, alas! we are forced to 
become familiar with what occurs on battle-fields, 
and we find that every charge of cavalry, every sliock 
of arms, makes use of, or rather abases, the mechani- 
cal force of the Sun. Simshine comes to us in tlie 
form of heat, it leaves mh in the form of beat, btit 
between its coming and going it has awakened various 
forces of our globe. All these are special forms of 
solar force, so many moulds into which it has tem- 
porarily entered its progress from its source to tlie 
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infinite. When presented to our minds in their true 
aspects, the discoveries and generalisations of modern 
science constitute the most sublime poem which has 
ever been offered to the intelligence and imagination 
of man. The pliysicist in our days is constantly in 
contact with marvels that would have caused Milton 
to grow pale ; marvels so grand and so sublime that 
he who contemplates them requires a certain force of 
cliaracter to preserve him from being completely 
dazzled. Consider the entire energies of our world, 
the power shut up in our coal-fields, our winds, our 
rivers, our fleets, armies, and cannons. What is it 
all put together ? A mimite fraction of the Suns 
power equivalent at most to a l-2,150,()C)0,0()0ths of 
its total energy. Such is, indeed, the portion of solar 
force absorbed by our Earth, and still we only convert 
a minute portion of this fraction into mecbauical 
power ; in multiplying the whole amount of our energy 
by millions of millions we should not be able to 
represent the total expenditure of solar heat.’'' 

In presence of these deductions of modern science, 
now incontestably proved, and which can only be 
developed or extended by its future progress, it is 
impossible not to be struck by their resemblance to 
certain primitive religious conceptions wliicli form 
the basis and the substance of all religions and all 

* Compare Tyndall, ‘ Heat as a Mode of Motion.' 
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kinds of worship both ancient and modern. The 
adoration of fire and sun-worship were naive repre- 
sentations of a profoundly true idea — tliat according 
to which all terrestrial power, movement, life, and 
thought, haa for common origin the calorific, luminous, 
and chemical rays of the Sun. M. Burnouf, in his 
learned researches on the ^ Science of Keligiuns,’ places 
this truth in a very clear light. Let us quote a few 
passages.* 

^ In looking around them,’ he says, ^the men of 
that time (the Aryas) perceived tliat all the motions 
of inanimate things on tlie surface of tiu* Earth pro- 
ceeded from lieat which manifests itself (iitlujr in the 
form of a fire that burns, or in the form of lightning, 
or again as wind; hut lightning is a fire hidden in 
the clouds and rises with them into tlie air, whilst the 
fire which hums is, before it manifests its(‘lf, shut up 
in the vegetable matters which feed it; lastly, wind is 
produced when tlie air is set in motion by the heat 
which rarefies it and causes it to condense again when 
it is withdrawn. Plants, in their turn, deiive their 
combustibility from the Hun, wliich causes them to 
grow by accumulating its heat in tlieni, and the air 
is heated by tbe rays of the Sun ; the same rays re- 
duce the terrestrial waters to invisible vapours, then 
into clouds which carry lightning. The clouds drop 


Burnouf, ‘ Kevue des Deux Moiidcs,’ 16 April, 1808. 
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as rain, give rise to rivers, supply the seas which 
are upheaved and troubled by the winds. Hence all 
this motion which animates Nature around us is the 
work of heat, and this heat proceeds from the Sun 
which is at once tlie celestial traveller” and the 
universal motor, 

^Life also appears to them intimately connected 
with tlie idea of fire . . , . The grand phenomena of 
the accuinulation of solar heat in plants, which 
science lias since brought to light, was perceived very 
early by ancient races of men ; it is many times 
mentioned in tlie Veda in very expressive terms . . . 
Wlien they lighted the wood on tlK‘ hearth they knew 
that they only forced it to give up tlie fire which it 
had received from the Sun. When their attention 
was arrested by animals, the intimate connexion be-* 
tw(H^n li('at «nul life appeared to tlu^m in all its force ; 
beat maintains life ; they know no living animals in 
which life existed without lieat; on the contrary, they 
found vital activity developed or diminislied accord- 
ing as the animal received more or lowss heat . , . Life 
only exists and perpetuates itself on Earth in three 
conditions, because fire penetrates bodies in throe 
forms, one of wliich resides in the solar rays, another 
in igneous aliments, and the tliird in respiration which 
is air rencjwed by motion. But the two latter proceed 
each in itvS own manner from the Sun (surya) ; its 
celestial fire is therefore the universal motor and the 
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father of life; its first-born was this lower fire ({igni) 
produced from its rays, and its second eternal co- 
operator is the air in motion which is also called wind 
or spirit (Vayu),’ 

Finally, ^ Nowhere does thought manifest itself 
without life. Moreover it is only met witli in beings 
where life is highly developed, such as animals. Now 
when an animal dies, his limbs yield, and he falls 
to the ground, becomes motionless, ceases to breathe 
and loses heat ; with life his thought escapes. If it 
be a man all his senses are Jinnibilated ; his mouth, 
pale and cold, is no longer capable of [)ronoiincing a 
single word, from his sunken chest issues no sound 
expressing joy or grief; his hand presses no longer 
that of his friend, his father, or his child ; all signs 
of intelligence and feeling have vanished. Soon after 
his body is decomposed, li(|uefied, evaporated, nothing 
remains on the earth but a black spot and a few 
bleached bones. But thought, whore is it ? If ex- 
perience has shown it to be indissolubly attached to 
life, so that when life is extinguished thought is ex- 
tinguished also, some may think that thought has the 
same destiny as life, or rather, that the priiuriple which 
thinks is identical with the living principle, and does 
not exist in duality with it ; but life is beat, and heat 
originates in the Sun, Hence fire is at once the motor 
of all things, the agent of light, and the principle 
of thought,’ 
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Dotibtless the authors of these speculations on the 
first principles of things in general did not conceive 
their ideas with the same clearness which, in the 
present advanced state of knowledge, is permitted to 
the analytical grasp of modern reason ; but is it not 
a marvellous thing to witness the circle that was 
opened thousands of years ago by intuition closed to- 
day by the light of science ?* 

* [In quoting tlic above passage from M. Bunioiif, and re- 
ferring to Professor Tyndall’s idea, both of whom believe that 
e'v't'i’ytldiig on earth is derived from tlie Sun — tliat all we are, 
all we possess, can be directly or indirectly traced to tbe 
iidluenco of tbe central orb of onr system, tbe author has some- 
what overlooked the fact that a certain i)ortion of tbe external 
intliicnco which offoets our tiny gh»be is ilcrived, not from the 
Sun, but from other bodies revolving in space, fie has actually 
sliown, in a former passage of tbe present work, that the quan- 
tity of heat derived from space by our Earth is equal to about 
tivo-sixthK of that which wo receive from the Sun. Wo are, 
therefore, much more intimately connected with the Univkhsk 
tb,an some philosophers appear to believe, and there can bo no 
doubt that our Sun is dependent for its various ‘ powers ' or 
^ forces’ upon other distant bodies, as we arc, to a great ext(‘nt, 
dependent on it. — 1*.] 



CHAPTER III. 

Thj5 Sun in the Planetaet World. 


§ 1. — POKTTTON ANP IXFLPENCK OF TlJE SlTN IN THE PLANKTAKV 

System. 

Apparent diurnal Motion ol’ the Sun ; JtiKing, Setting, Thwsage 
across the Meridian. — Apparent anmuil Motion of Transla- 
tion ; Reality of tJie Earth’s Motion. — The Sun is the eonv- 
nion Focn.s of the Orbits of all the Planets. — Enumeration 
of th<f throe roups of Planets bel»)nging to the Solar World 
and of their Satellihjs. 

We have jiisf seen what the Sun is to tlie Etirth, ami 
to the animated heings whiclt people its surface: its 
h(!at, its light, its eliemieal activity, c^ssential condi- 
tions of all motion, of all vegetable and animal life, 
liave been investigated by us before we knew anytlnng 
of the source from which they all emanate — without 
knowing what the great orb is that thus communicators 
to us, as it were, a fraction of its own power. Wf* 
have hitherto interrogated Physics only, and yet, hy 
the aid of that branch of science, we have been able to 
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lift a portion of the veil which hides from us the cause 
of the Sun’s eminently beneficial and fiiiitful influence. 
These effects, before they were rigorously investigated, 
were very imperfectly known, but now we can connect 
the more important of them with the different kinds 
of solar radiations ; we know that very different parts 
are played ly the rays of the 8un according as they 
manifest themselves to us as light, heat, or chemical 
activity. 

Now we must go still farther, and make use of 
another branch of knowledge. Let us address our- 
selves to Astronomy, and ask this Science not what 
function the Suii performs towards the Earth, but 
wliat. this great orb does in the heavens, at wdiat dis- 
tance it is placed from our globe and from other 
planets or stars, what are its dimensions, its form, its 
various motions, what is, in fact, its physical constitu- 
tion ? Many of tliese questions are now solved, and 
ot tiers are hanging in suspense between this or that 
hypothesis, still devoid of sufficient proof to lead us to 
certaiu conclusions, whilst others, again, are scarcely 
expected to be solved for many years to come. To 
tell the truth, the minds of very few men are occupied 
with such problems. Tlie Sun is seen everyday, or 
nearly so, seen rising or setting, or going its daily 
round in the sky, rising higher or lower above the 
liorizon according to the season of the year ; it is wel- 
comed joyously, or the heat of its rays is complained 
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of; but that is all. An entire life is passc^d away 
without once inquiring the why or the wherefore of so 
many w^onderful phenomena returning perpetually at 
regular intervals, and looked upon with inditien^nc'e 
as matters of common occurrence. It is tlie same 
thing here, however, as in many other cases whert‘ 
curiosity is only excited after a certain degree of re* 
flection, or, as D’Alembert expresses it in the ‘ Ency* 
clopedia,’ ‘It is not without some reason that tlie 
philosopher is astonished that a stone sliould fall to 
the ground; I>eople laugh at his astotusli merit, but 
after a little reflection they join in it themselves,’ 
Let us reflect a little whilst observing wliat is going 
on around us, let us question the phenomena we ob- 
serve, and we shall soon have as much cause to be 
astonished as the philosopher. 

W(i ma}’' commence by^ stating accurately the }K)si* 
tion of the Sun with regard to the Earth and to other 
similar orbs, that is, with regard to the various planets. 

Every day in the year, in our latitudes, we see the 
Sun rise on our eastern horizon, mount gratlually in 
the sky to a maximum altitude, which varies according 
to the day of the year, but which, each time, marks 
noon, or the middle of the day ; then, from this point, 
the summit of its daily course, we it descend, and 
finally set below our western horizon. 8o far the 8un is 
endowed with the same appearances as the stars and tlie 
Moon; and now*a,-days no one ignores that this general 
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motion of the nto-s is not real, hut a natural conse- 
quence of the Earth's daily rotation from west to east. 
The terrestrial ^lobe t\irns \ipon itself around an axis 
whose position is invariable, and with a uniform ve- 
locity in 23‘’ 5f)‘" 4^* 

When the Sun rises, it is, therefore, our horizon 
whicli, carried along by the rotation of the mass to 
which it belongs, descends towards the east before the 
disc of the Hun ; when the Him sets it is also our hori- 
zon whicli, liy rising towards the west, soon masks the 
radiant orb from our view. 

Another apparent motion, which can he easily 
noticed by those who are somewhat familiar with the 
aspect of the starlit sky, apjiears to caiTy tVie Sun pro- 
gressively in a precisely opposite direction to its appa- 
rent daily course, that is, from west towards the east. 
We can verify this second kind of movement in the 
following way. At any given period of the year let 
us take note, at midniglit, of the aspect presented by 
the various constellations ; for instance, let us observe 
at that moment what stars are in the plane of the 
meridian, that is to say, in the same plane that the 

^ This is the length of the mlereal day ^ the mean mlar day 
is longer by 3 iiiinutes and 50 seconds, for it is 24 hours. It is 
the interval which elapses between two successive passages of 
the Sun over the meridian. Whilst the length of the sidei'eal 
day is invariable, that of the solar day varies throughout the 
year ; hence astronomers have recourse to an average interval 
called the mean solar day. 
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Sun occupies at the opposite side of the lieavens at tht? 
same moment. On the following nights, at midnight 
precisely, the same stars wdll be found to have passed 
from the meridian tow^ards the west, and their pro- 
gression in this direction will be seen to be about four 
minutes (3*" 56®) each day. This amounts to saying 
that the stars now opposed to the Sun are more east- 
erly than the first, or that the Sun itself occupies in 
the heavens more and more westerly constellations 
with regard to the Earth. In one year the Sun ap- 
pears thus to circulate entirely round the sky in a 
plane winch is inclineii to that of the Eartli’s <fquator 
about 23"^ 27'. 

In reality this motion does not belong to tlic Sun. 
Since the time of Copernicus every one knows* that it 
is tlie Earth which is thus carried along in the course 
of the year, describing round the Snn a nearly tdr- 
cular orbit. The exact duration of this revolution is 
365'^*2564, so that after this interval of time the Earth 


* ‘ Every one knows’ is an expression which is not exactly 
in acconhince with history. We have only to call to min<l the 
persecution of which the great Galileo was the unfortunale vic- 
tim, to perceive witli what reserve the most enlightened mjixls 
accepted the new ideas conceniing the Eartl) s double inotiorj. 
Up to the middle of the eighteenth (*entur3%in Fratice itself — not 
in Italy and Spain where the Inquisition was rampant — authors 
hesitated to declare their opinions on this subject ; they scarcely 
dared to present the systeni of Copcnucus otherwise than as a 
conjecture. 
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and the Sun are found once more in a straight line 
with the same star. 

This is not the place to show how these two move- 
ments, the rotation and translation of the Earth, are 
capable of explaining the alternate occurren<.*e of day 
and night, their imoqual lengtljs in different latitudes, 
their variations in tlie cimrse of a year, and finally the 
different heiglits of the Sun above each horizon ac- 
cording to tlie season of the year. 

Hut tluit wliicli we paiiicidarly wish to insist upon 
is the situation of the Sun with respect to the Earth : — 
*our planet describes, as we have just said, an almost 
circular curve. This curve or orbit, the plane of 
winch is called the ecliptic, is in reality an ellipse, 
an oval curve, symmetrical with regard to two unequal 

axes, and having its 
I centre C, fig. 5, at the 
point of intersection of 
these lines. The Sun 
occupies a point on the 
greacter axis, but not the 
centre; it is situated in 
S, at one of the foci of 
the curve. It results 
from this thkt tlie dis- 

FijC. 5 — Kliiptic Orbit of the Earth. — tanC6 of tllC Earth fPOm 



stantly throughout the year. At T, the extremity of 
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the longer axis nearest to the 8im, the Earth is at 
itH perihelion^ wliich happens about the Ist January ; 
at T", the other extremity, corresponding to the 1st 
July, it is at its aphelion, or its greatest distance from 
the Sun. Lastly, at each extremity of the smaller 
axis, when the Earth is at T' and T''', its distance from 
the Sun is the mean between tliese two extrenu* dis- 
tances, a state of things which occurs about tl^e 1st 
April and 1st October. 

Tlie Earth is not the only or!) which revolves in 
tins manner round the Sim. 132 bodies, planets, and 
satellites, form the planetary (At least, sueht 

is the number of these bodies actually known.) 

In the first place, we have eight principal plaiiets, 
which can be divided into two groups; tlie grouj) of 
pkne^ts of medium size, which, tak(fn in the order of 
their distances from the Sun, are Mercury, Venus, tlie 
Earth, and 3Iars; and the grofip of large planets, 
Jupiter, Saturn, Uranus, and Neptune. Between 
these two groups circulate a numl)er of veiy small 
planets, which can only be seen witli a telescope, the 
number of which is increasing every year by new 
discoveries, and at the present day (February 1869) 
106 of these minor planets may be counted. Besides 
these 114 planets, we must reckon 18 satellites: — the 
Moon, which revolves round the Earth and, with the 
Earth, round the Sun ; the four satellites wliich in like 
manner accompany Jupiter, the eight satellites of 
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Saturn, the four belonging to Uranus, and the one 
pertaining to Neptune. 

Such is the composition of our planetary system. 
Eacl) planet describes round the Sun an elliptic orbit 
like tliat of tl)e Eartl), so that the Sun occupies the 
common focus of all these curves. These orbits are 
almost perfecjtly plane, and only slightly inclined one 
to anoiher. Let us take this opportunity of stating 
tliat the duration of planetary revolutions increases 
with the mean distances of the different planets from 
the Sun, according to a law the discovery of which we 
p owe to Kepler ; that tliese intervals are comprised 
between 88 days, the year of Mercury, and 1 65 years, 
the duration of Neptune’s revolution (its year). These 
data will suffice to enable us to gain some idea of Ihe 
situation occupied by the Sun in the midst of tiiese 
secondary orbs to wliich it distributes beat and light. 

The Planetary World aa seen from Space : its Dimensions in 
len^c^th and breadth. — How far those Comets penetrate it 
whose Orbits liavc been approximately calculated. 

Lei us imagine an observer travelling in the depths 
of space, to such a distance from our planetary world 
as would enable him to embrace the whole of it in one 
view. If the direction taken by liim be that contained 
in the plane of the Earth’s orbit, or in that of any 
other planetary orbit, he would see a brilliant st^ir, 
shining very brightly, and on each side of it a bun- 
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(Ired smaller stars, some lost in the bright rays of tlie 
central star, others far enough from it to allow tliein to 
be mure easily distinguished ; all of them, however, 
infinitely less bright than the Sun,* and varying in 
brilliancy according to their a})partmt distances from 
the latter. All these satellites of the Sun would be 
seen to oscillate about its disc, describing, tc> all ap- 
pearance, right lines or nearly so, as we observi? to be 
the case with the satellites of Jupiter, which we see 
move from one side to the other of that planet. Some 
would appear to move with great rapidity ; they would 
be those nearest to the central star: Mercury, Venus, 
tlu; Earth, and Mars. The otliers would describe 
their courses much more slowly. The whole: would 
present the aspect of a lenticular mass of stars, or, if 
tlu^ distance of the observer were too great to allow 
liim to distinguish tlie different luminous points, of a 
bright star surrounded by nebulous matter of an elon- 
gated form. 

As for the dimensions of the planetary system, at 
least as we know tliem at the present time, it has a dia- 
meter e(pial to sixty times the distance of tlie 8un from 
the Earth, or a))out 5700 millions of miles. If we 
desire to form some idea of this immense extent of space, 

^ To tell the tnitb, a great nuiuber would be really invisible, 
some on account of their minute size, others because their light 
would be confounded with that of the Sun. But we are in- 
dulging in a supposition here. 
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w6 must estimate it by the time which certain bodies 
wotild require to pass through it. Light, which pro- 
gresses at the rate of 1 80,000 miles per second, requires 
8 hours and 17 minutes to travel from one end to the 
other of the planetary system ; as for a cannon-ball, if 
it continued to travel with a uniform velocity of 495 
yards per second, it would take no less tluin 626 years ; 
sotiiid would require 845 years to travel over tlie same 
distance. 

Th<‘ thickness of planetary space is much less ex- 
tensive than its length. In considering it represented 
by a line perpendicular to the plane of the Earth’s orbit, 
we find it nineteen or twenty times less than the di- 
mensions of the long diameter, or about 300, 000, 000 
of miles. 

In all this we have said nothing of comets. These 
iMKlies move round the Sun like the planets ; but their 
orbits are much more elongated, and liave all kinds of 
inclinations on the plane of the ecliptic. Moreover, 
the direction of tlieir motion is retrograde in some 
aises, direct in others. If we consider only those 
comets, the elements of whose orl)its we have been 
able to calculate with tolerable accuracy, and which 
certainly belong to our solar system, the dimensions 
of the latter become much greater than those of the 
planetary world properly so called, limited by the orbit 
of Neptune. Indeed, whereas the radius of Neptune’s 
orbit is equal to thirty times the mean distance from 
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the Sun to the Earth, the aphelion distance of the 
comet of 1844, whose period is a hundred thousand 
years, is lost in extra-planetary space at a distance four 
thousand times as great. 

There can be no doubt that, among the numerous 
comets whose very elongated orluts appear, as long as 
they are visible to us, to be arcs of parabola, some 
travel even farther than this from the Sun. But 
without going beyond what is known and determined, 
we see that the solar world extends from the common 
focus to a distance of some 375 thousand millions of 
miles, and probably even to a greater distance than 
this. From a point of space so prodigiously distant as 
that at which we find the comet whose period is 
hundred thousand years when at its aphelion, the Sun 
would only appear like an ordinaiy star : its brilliancy 
would, it is true, surpass that of the brightest stars 
known, but its apparent diameter would be scarcely 
half a second. • 

It is sufficient for the present to get a glimpse of 
the Sun in the midst of the stars (planets) winch cir- 
culate round it in closed orbits, and to note to what a 
distance the sphere of its activity extends ; present ly 
we shall have the opportunity of stating tlie position 
wliich it occupies among other stars (fixed stars), and 
the connexions which, in all probability, bind it to the 
sidereal world. We shall then see that our Sun forms 
part of an association of countless suns similar to itself, 
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and that a movement of translation carries it along 
with its entire train of planets, &c., and causes it to 
describe an immense orbit around some centre yet un- 
known. 


§ 2. — Form and apparent Dimensions op the Sun. 

What is the Form of the Solar Disc? — The Sun at the Iloriy/a) ; 
its Doubly Ellij)h*c Form ; Fantastic Forms caused by Re- 
fraction in flayers of Vapour. — Various Means of observin^^ 
the Sun without wounding the Ej^e. — Ilclioscopes. — Pro- 
jection of the Sjui’s Disc into a Camera Oseura. 

The light of the Sun is so dazzling that, as every 
one knows by experience, it is almost impossible to 
look at it with the naked eye when it shines in a clear 
sky devoid of cloudvS, and at a certain distance above 
the horizon. On the horizon itself (that is to say, at 
the moment of sunrise or sunset,) this difficulty is no 
longer experienct'd, and we may, without liurting our 
sight, aerpiire a notion of the apparent form of its 
disc. The very great diminution of the luminous 
intensity of the solar rays when the Sun is vseen at the 
horizon, is explained very simply as follows : — Every 
ray of light which comes to us from space and reaches 
our soil must pass through the Earth's atmosphere ; 
it is the more absorbed by the air the greater the 
distance that it travels and the denser the air through 
which it passes. Now, if we admit that the atmo- 
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sphere extends vertically to a height of 62 miles, a ray 
of light coming from the zenith has only these 62 miles 
to pass through before reaching our eye, whilst at the 
horizon the distance travelled would be 706 miles, aiul 



Fk?. 0,— Deformation of the Sun'a Disc by Refraction — Elliptic Form of the Sun 
At the Horieon, 


tlirough the densest poriions of the air. In fact, 
Bouguer found that the intensity of solar light is one 
thousand times less when the Sun is 1*^ above the 
horizon tlian when it has risen 40'^: this result is, 
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xieverthelesB, only approximative, and depends very 
much upon the state of the atmosphere and its purity 
on the day of observation. 

However that may be, there is never any difficulty 
in looking at the Sun when it is very near to the horizon. 
We see it then in the form of a well-defined circular 
disc. But this disc, instead of being a perfect circle, 
as shall see it should be, is more or less flattened, 

especially on its under side; it appears as an oval, 
whicli, moreover, is not regular, but formed of the halves 
of two ellipses ACB and ADB (fig, 7), having the 

same gi'eater axis 
A B, but the smaller 
axes (J 0 and 0 1) 
are unequal. Tliis 
peculiar defonnation 
is caused by the re- 
fraction of light as 
it passes through the 
atmosphere, the ef- 
fect of which is to 
elevate the various 
points of the limb or border of the disc so much the 
more the greater their proximity to the horizon. 

* [In other terms the thicker the layer of air traversed by 
the ray of light, the greater the refraction.] ‘ On high mountains 
and on plateaux near the sea-coast this flattening of the disc 



Pig. 7. —Double Elliptic Ponn of tho Sun at 
Sunrise and Sunset. 
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Sometimes want of homogeneity in tlu^ atmosplunie 
layers is caused by admixture of vapour, and is sucli 
that thti deformation of the solar disc by refraction ren- 
ders it unrecognisable. Fig. 8 represents some of tliese 
appearances observed from the coast at Dunkercpie 
by Biot and Mathieu. Certainly these are m>t the 



Fig. 8.— Singular Appearant^OH of' the H\in af thu Horizon, a« ob.'MjrTcd by Biot 

and Malhiou at DunkoTqiw. ^ 

circumstances in which we should be placed to acquire 
an exact notion of the form of the Sun. Let us state, 
tlien, in a few words, the cases in which tliis form can 
]>e properly seen, and let us describe tlie ailificial 
means resorted to by astronomers to investigate .as 
long and as minutely as possible the different portions 
of its disc. 

appears very considerable; it attains Bornctimes to l-Slh the 
apparent diameter of the Snn. The disc of tl»i‘ Moon presents 
the same phenomenon/ (Biot, ‘ Aslronornie Physirpie.’) 

G 
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Light clouds, or even fog sufBciently dense, some- 
times absorb so much of the Sun’s light that we can 
see through them the form of the disc thoroughly 
defined and perfectly circular; its colour, most fre- 
quently rculdish yellow, is sometimes of a dead white, 
so slightly dazzling that the naked eye supports its 
glare without the slightest fatigue^ If this happens 
lit ii time of day wlien the Sun is high above the 
liorizon, atrnosplieric refraction does not interfere much 
witl) its true f(»rm, and unless we apply very rigorous 
measur(is we cannot then recognise any deformation. 



Fig. 9. — How to niackon a Ol.ifts ni order to observe the Sun during an EclipiS«. 


But we have liere a very simple process by which 
we can at all times produce the effects of the clouds or 
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the fog above mentioned, — a process which is fre- 
quently made use of when an eclipse of the Sun is 
observed by unaided sight. We take a piece of 
window pane, or rather, a piece of plate-glass with 
perfectly plane and parallel faces, whicli we hold for a 
few instants above the flame of a candle or a lamp. A 
layer of lamp-black is thus deposited upon tha glass 
and suffices to diminish the intensity of the solar rays ; 
but as it is difficult to obtain in this manner an equal 
layer of black, the disc of the Hun seen through a 
smoked glass has not an uniform brightness, therefore 
the use of coloured glass is generally prefcrred. 

Coloured glasses were usckI for ol^serviug the Hun 
before telescopes were invented. ‘ A])iMn tells us in his 
Astroiiomicum Caisareiiru,” ])rinted in 1540, tliat in his 
time several persons made use of various comliinations 
of COLOURED (iLASSES cemented together by their edges,' 
Arago, wdio cites this fact, • is surprised, and naturally 
so, that such a simple method was so long in becoming 
generally adopted, and more particularly, that, after 
the invention of telescopes, an astronomer like Galileo 

K*- 

shoiild not liave liad recourse to it. Coloured glasses 
would, probably, have preserved this illustrious man 
from the affections of the eye which he so often suf- 
fered, and from tlie complete blindness which attended 
his latter days.’ In fact, dangerous as it is to look at 
the Sun with the naked eye, this danger is infinitely 
greater when a telescoxx? is used, even one which m ig- 
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nifie8 to a extent only. We shall see presently 

what means are resorted to in this case. 

The Sim may also be viewed by tlie naked eye by 
looking at it throngli a pin-hole in a card; thefjuantity 
of light which passes thniugh this small opening is so 
slight that tlie l)rillianey of the image is diminislied enor- 
mously ; but in this case the image is far from perfect. 
Kt?flection from the surface of a sheet of water, or from 
a blu<‘ or ])lack-coloured liquid, also weakens the in- 
tensity of the Sun’s light considerably. Jhit the mo- 
bility of a liquid is such that the slightest breath oi 
air ri[>[>h‘s its surface, and reiuhn’s its use for this pur- 
pose very inconvenient. 




When the eve 

'I ^ is placed behind 

I two pieces of black 

, glass parallel to 

. ’ each otiier, it re- 

’ ceiv(‘S the solar 

' rays, which, after 

falling upon the 


10. — Oiniinutioii nf S<*lar Light. I'V a Mcrics of hl’St ghlSvS, Ul'C I’e- 
UctlcctionH. /I .1 1 I i 1 

fleeted on to tlie 


other, then back again on to the first, and so on several 
times ; there are four reflections, I I' and T" (fig. 10), 
The absorption of light is wsuch at each reflection that 
wlten it finally reaches the eye the image of the 8uii 
can be seen witlmut paining the observer. Opticians, 
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by placing tbese glasses into a little box with black- 
ened sides, construct a small apparatus \vhi(*h is very 
convenient for observing eclipses of the Sun. Tlay 
also manufacture for tlic same purpose what are called 
helioscopjes, which are merely composed of two prisms, 
or two pieces of glass cut wedge-shaped, one white and 
transparent, and the other black or coloured ; theyarc' 
put together as shown in fig. 11. Tlie image of the 
Sun se(Ui through 


this helioscope 
is more or less 




w^eakencal, ac- 
cording as it is 
seen through a 
greater or less 
thickness of the 


S' ;S 





black glass; at it is brighter than atSK: with 
this apparatus, therefore, we can follow an eclipse 
througli all its phases by choosing the degrt^e of ab- 
sorption which best suits the sight. 


M. Babinet, in Iiis ‘ Notice on the Solar Eclipse of 
July gives us anotlier method for observing an 

eclipse, which renders it needless to look at the Sun at 
all, or even to leave our room. By this method ‘ an 
invalid can follow the plienornenon in (piestion vvitliout 
rising from his bed.’ It consists in placing in the 
sunshine a fragment of looking-glass, in such a manner 
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as to reflect the image of the Sun upon the ceiling or 
ir »on the walls of the room.* 

A method which is preferable to the above, because 
it gives a neater and more vivid imago wliiirh is not 
too bright, is that formerly employed by Fabricius, of 
whose works we shall liave to speak presently. It 
consists in causing the Sun’s rays to enter the small 
a]>erture of a camera oscura, where tliey are received 
upon a slu'ct of wliitc* paper, place<l in such a position 
tliat th('. rays fall perpendicularly upon it. On this 
screen tlH.‘ riwersed image of llh‘ Sim is then seen, 
which is larger and fainter the farther the sheet of 
paper is from the a])erture of th(‘ camera. Galil (‘0 
and ScheiiKU’ madc^ use of this deviee ; it was also em- 
])ioy(Hl by (lassendi to follow the passage of the planet 
Mercury across the Sun’s disc on the 7tli Nov. 1031. 


Ohscrviilioii ()f the Sim in Itefractors ami Telescopes. — Danger 
t(» the Kye. — Tsc of eehuiretl Glasses. — William lli.TSchers 
Method. — Polarising Helioscopes. — Foncault’s Siderostat. — 
Silvered Ohjeetive Glasses. 

Since the naked eyt^ is liable to be liurt by solar 
liglit, unless tlie latter be wi^akened by the aid of some 

* [We Imve often repeated tliis experiment ; tliose who 
would also do so must be careful to take a very sinall piece of 
mirror, or, if tlu?y use an ordinary looking-glass, cover its sur- 
face with a sheet of paper having a small circular hole cut in 
its centre. — P.] 
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natural or artificial process, it is evident that the 
danger is innch greater with regard to the image of 
the Sun produced at the focus of a refractor or a tele- 
scope. The concentration of t)io rays of light and 
heat, which unite to form the image at tliis focus, 
increases its brilliancy according to the power of the 
instrument : even with an instrument of small power 
the ey(i would he dazzled and burnt, if we did not take 
the precaution of weakening the inteiKKity of the image. 
The tirst persons who made observations of this kind, 
Fabricins, Galileo, Harriot, for instance, only observed 
the Sun, with the newly-discovcred b^lescopt\s, when it 
was near the horizon, or through a fog or a cloud of 
sufficient density. Even then they were ol)lig(‘d to be 
very ciuitious : Fabricius recoinmen(h‘d that a very 
small portion of the solar disc should be at first ad- 
mitted into the insiruintmt, so that th(‘ i‘ye might 
become gradually accustomed to tlie glare of the entire 
disc. They also studied tlie image of the Sun re- 
flected from a sheet of water or from a sonunvliat dull 
mirror. In 1611, however, Scheiner made use of co- 
loured glasses: he placed before the olijective glass of 
Ins refractor a flat, coloured glass, finely polished, and 
with sides perfectly parallel, so that the form of the 
image was not distorted. 

But even with all these precautions, the prolonged 
study of the Sun is higlily dangerous to the sight, and 
many astronomers have suffered from it ; Galileo and 
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Cassini died blind. William Herscbel, who was as 
ardent an observer as he was profound in his philo- 
sophical views, made several researches with the view 
of finding out what substances it would be best to use 
for weakening the image of the Sun in the telescope 
and protecting the sight. He soon found that the 
particular colour of the glass w^as a matter of great 
importaiice: red ghass absorbed the most luminous rays 
well enouglj, hut it allowed a great quantity of heat- 
rays to pjiHs, which in time occjusioned serious inflam- 
mation of the eye ; green glass was found to absorb 
the lieat-rays, but allowed too much light to pass. 
H(.‘rschel recommended that coloured glasses should be 
replaced by black writing ink, diluted with a little 
Walter and filtered. Tliis liquid possesses the property 
of absorbing ecjually the rays of different colours of 
wbicb solar ligld is composed, so that seen through it 
the image of the Hun appears perfectly wliite. More- 
over the greater portion of the heat-rays are extin- 
guished.* The liquid was placed in a little vessel in 
front of the ocular glass. This simple apparatus has 
never b^eii adopted. 

At the present day astronomers use dark glasses, 

[We have examined the sped rum given hy the liquid 
above* described. It is duiracterised hy a general absorption 
like that observed with a decoction of wall-flowers {Chdranthm)^ 
but more especially in the violet between IT and G, a little 
above F in the bine and about C in the red. — ?.] 
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either black or blueish black, wliicli are screwed on b) 
the instrument in front of the ocular. Tliey are 
generally 1*} to 2 millimetres (4-l(H)th to 6-lOOth of 
an inch) in thickness ; but the use of these glasses is 
not without serious inconveniences As the investiga- 
tion of the inequalities observed on the Surfs surfaci* 
retjuires instruments of great optica] power, it often 
happens that if the observation be prolonged for any 
lengtl) of time, the dark glass becomes heate<l and 
cracks, suddenly exposing the delicate nerve of the eyo 
to the full glare of the Sun’s image. 

Sir John Herschel tirst suggested the utility of 
polarising the light which enters the instrument, as 
this phtiiiomenon was known to extinguisli certain rays, 
and so to construct a new kind of astronomical ey{‘- 
glass. Polarising helioscopt-s have been manufactured 
by Colonel Porro and by Herr Merz, and have* realised 
the ideas of the illustrious English astronomer: tiny 
have this particular advantage, wJiicli colourt^d glasses 
have not, namely, that when ada]>ted to the instrument, 
they preserve the natural colour of the Sun’s image, 
CiAst(dli, a pupil of Galileo, imagined another 
method which is still in use at the present da 3 ^ It 
consists in projecting the Sun’s rays, after they have 
passed tiirough the eye-glass of the telescope, on to a 
sheet of white paper. It is this method (somewhat 
similar to the projection of the rays into a camera 
oscura before noticed) perfected, and applied to an 
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equatorial refractor that enabled Mr. Carrington to 
make numerous interesting observations to which we 
shall refer again : the image of the Sun upon such a 
screen had a diameter of 28 or 30 centimetres (about 
1 foot). Padre Secchi also employed it to measure 
the' relative intensities of light at the border and the 
centre of the solar disc : with an objective glass of 6 
inches in diameter he thus obtained an image of the 
Sun, which, received upon a diagonal redeeming ocular 
glass and tlirown upon the screen of white paper, had 
a diameter of no less than 2 metres (7i feet ). 

In order to study the Sun or any other celestial 
body in a continuous manner, M. Leon Foucault ima- 
gined an a])p:iraiiis calU‘d a sidcroHUit, which his pre*- 
niature dcnitli did not allow him to complete. Ac- 
cording to M. Henri St, Claire l)(‘vi]le the instrument 
may be thus described : — ‘The siderostat is essentially 
composed, 1st, of a plane-silven'd mirror, set in motion 
by cloekwork, so as to project the rays of the Sun, or 
other star, in a constantly horizontal direction; 2nd, 
of a fixed olyective apparatus, either a refractor or a 
reflector (that is, a refracting telescope or a reflecting 
telescope) which brings these rays to a focus. This 
focus is precisely at the aperture of a camera oscura, 
in >vhich the astronomer, perfectly at his ease, records 
ins observations or etfects his measurements without 

the slightest fatigue or inconvenience One of 

the most interesting applications of the siderostat was 
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that which Foucault intended to make with it, viz., a 
permanent investigation of the Sun. In one of the 
rooms of the Observatoiy, which is more frequented 
than others, he wished to place an a})paratus of this 
hind, which would throw upon a screen, rnlal with 
lines crossing at right angles, a fixed and magnified 
image of the Sun. The apparition and forms of the 
spots, the passage of a planetary body across tl/e disc, 
vVrc., would thus be made the subject of constant study, 
wlii(?]i could be carried on witliout the sliglitest danger 
to t])e eves, and by all the persons whose occupations 
cause them to ))asa frequently through this room,’ 

To conclude what we liave to say of the various 
means of observing tbe Sun without injuring the eye- 
sight, we must mention aiiollier method, Jilso due to 
]/h)u Foucault, but wbicb, more fortunate in this 
respect than tlu^ siderostat, has actually l»e(.‘n tested by 
experiment. This new procijss is only applicable to 
refracting telescopes, and (‘onsists in silvering the ex- 
ternal surface of the objective glass. Jly tin’s means 
the instrument is protected from tlie heating jiower of 
the solar rays, which are almost entirely reflected to- 
wards the sky, whilst a minute quantity of blueish 
light passes through the thin film of metal, is refracted 
in the ordinary manner, and forms at the focus of the 
instrument a perfectly pure image which may he ob- 
served without the slightest danger. The trial of this 
method of observation was made lately at the Paris 
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Observatory, with an objective of 10 indies diameter, 
and with complete success. It has only one drawback, 
— that of sacrificing the instrument to this kind of ob- 
servation only ; but this source of inconvenience does 
not exist for observers who devote themselves entirely 
to the study of the Sun. 


Completely circular Form of the Solar Disc. — Its tipparent 
DinioosioiiH at (iilTcreiit Perioila of the Year. 

We liave insisted, perhaps, rather too long on tlie 
various methods of solar observation, but this digres- 
sion was necessary to save those of our readers who 
may feel disposed to study the Sun, or even to inspect 
its disc out of pure curiosity, from t he use of improper 
means, and accidents that might have been the conse- 
quence. 

Let us now proceed with our subject. We have 
already seen that tJu^ solar disc lias the aspect of a 
luminous circle, except when its image is deformed by 
refraction. JMeasures that have been made with tlie 
aid of instruments called heliomeierSy prove that the 
diameters of tlie Sun’s disc are perfectly e<j[ual. Not 
the slightest indication of flattening has been detected 
on any side. 

The apparent dimensions or angular measurements 
of this disc are very nearly those of the IMoon ; some- 
times smaller, sometimes rather larger tliaii the latter, 



Foryn and apparent Dimensions of the Stni. 93 


hence the eclipses of the Sim produced by interpo- 
sition of the obscure disc of the new Moon, are some- 
times total, sometimes annular. Its apparent dia- 
meter is ratlier more than half a degree ; ])ut it varies 



Fi)?. la.—ApiKiront 1)1111011810118 of tho Sun’s Diso at. thororiods <jf Pnihiifion, 
Aphelion, and iit its MtonPixtance from tho Kartli. 


with tlie period of the year, because, as tint Earth 
descrif»es around ilie Sun an elliptic orbit, the distance 
which separatfis these two bodies differs constantly. 
About the Ist of January this distance is the sliortest 
possible ; the Earth is then at its perihelion, and the 
solar di.sc appears of its largest dimensions, about 
195.5| seconds. At the aphelion, on the contrary 
(about the 1st of July), this distance is the greatest 
and the Sun’s apparent diameter the smallest possible ; 
it measures then only 1891 seconds. Lastly, its 
mean dimension is represented by 32' or 1923]^ 
seconds, and occurs when the Earth is at its mean dis- 
tance from the Sun, e. about tbe 1st April and 2 rid oi* 
3rd October. In this case the entire circumference of 
the horizon, or any other great circle of the celestial 




94 


The Sun. 


.sphere, would be filled by the juxtaposition of 673 
discs similar to the solar disc, placed so as to be tan- 
gential to each other at the extremities of their hori- 
zontal diameter. 685 discs would be required at the 
aphelion, and 662 only at thejjeriod of perihelion. 

At s\inrise and sunset the Sun appears much larger 
than when it has risen to a certain Ijeiglit in the sky : 
the TTionj it approaches to the zenith the smaller it 
appears. This is the ease with all celestial bodies ; the 
iVIoon and the various con .sUdlat ions appear near the 
horizon of an unusually large form. As I have given 
in my work on the Moon (‘ La Lime,’ p. 27) the 
explanations which have been proposed by various 
observers to account for this curious illusion, I shall 
not refer again to them here.* 

The variations of the appartmt diameter of the Sun 
at diffident periods of the year concern us particularly, 
for, the intrinsic intensity of its light and heat 
inaiiiing the same when the distance increiiees, it fol- 

* [Many explanations have been proposed. It is a curious 
fact, but well known to astronomers, that the apparent dianietcr 
of the or Moon at the horizon is precisely that which it 
shows at the zenith ; if there be a gliglit diftercncc, the disc at 
the horizon is mtaller than when seen at the zenith, as we 
can assure ourselves by micrometric oUservation. We liave 
often noticed, moreover, that the illusion disappears entirely 
when the disc at the liorizon is observiid through a tube of 
paper — a roll of music, for instance. It appears, therefore, to be 
an optical illusion owed to contrast. — P “ 
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lows that the amount of light and heat received hy tlie 
surface of the Earth' varies wdth tlie apparent superficies 
of the disc. An easy calculation shows that this varia- 
tion ifl represented by the numbers 10,335 — 10,000 — 
and 9,663, Hence, about the 1st January the Earth 
receives from tlie Sun more light and lieut than on 
tlie 1st April or 1st October by 335-1 0, 000th s ; tlie 
reverse occurs about 1st July. This a]>pears some- 
what in contradiction with the fact of variation of heat 
which constitutes the different seasons, since the period 
at wliich the Eai*th receives the most heat from the Sun 
coincides nearly witli our coldest weather in the north- 
ern hemisphere, whilst that at whicli it receives the 
least corresponds to the hottest weatlier in the same 
hemisphere. To explain this apparent anomaly woidd 
lead us far into an astronomical and physical discus- 
sion of the seasons, and cause us to deviate too far 
from our subject. Not to do this, let \ls say a word 
about the apparent diimaisions of tlie solar disc as seen 
from the surface of the otlu.T planets. 

It is from the surfiice of Mercury, the planet which, 
as far as we know at present, is the nearest to the Sun, 
that the central orb wmiild be seen of the largest di- 
mensions, and from Neptune, the fartlu^st away, that 
it would appear the smallest. To avoid quoting num- 
bers, which the mind retains with difficulty, we have 
placed on the following page a figure (fig. 13) showing 
the comparative sizes of the solar disc as seen from the 





Fig. Siitt IMS seen from the differi'iit riauetw.— Ikiative ap|>aroint Dioieusions of it* 

Disc at the Periods of their dioiui Distance. 
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various planets at their mean distances from tlie Sun. 
It is well understood that as each orbit or curve, in 
which they revolve round the central orb, is of an 
elliptic form^ the distances of each planet from the 
common focus varies in the course of their revolution, 
as we have seen to be the case witli the Kart!) ; 
hence corresponding variations in the apparent dia- 
meter of the Sun, which is at its maximum at (;ac]i 
perihelion, and at its minimum at eacli aphelion. 

If we only take into account the apparent dimen- 
sions of the solar disc, in order to estimate the compa- 
rative intensities of the light and lu*at radiated from 
the Sun to ea(di planet, an easy calculation gives us the 
following results, the liglit and heat received by our 
Eaitb l)eing taken as unity 


Mercury 

0'G73 

Sylvia 

0‘0B2 

Venus 

1-910 

Jupittsr 

0-037 

Earth 

l-CKK) 

Saturn 

o-oii 

Mars 

0-430 

Vruhus 

0-003 

Flora 

0-20G 

Neptune 

0-001 


Thus, on the surface of the planet Mercury, the heat 
and light of the Sun have an intensity 6673 times 
greater than at the surface of Neptainc; Mercury is 
lighted and heated nearly seven times as mueli as our 
Earth* Let us not forget, however, that reduced as 
the solar disc may appear at the confirjos of the fdanct- 
«ary system (its apparent diameter is there only = 

H 
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the brilliant orb shines at this enormous distance with 
the brightness of forty-four millions of stars of the 
first magnitude. 

]t is true tliat, in order to compare the calorific 
and luminous intensities of the 81111 at tlio surface of 
the different planets, that is, on viirious parts of their 
soil, we should know something of tlie constitution of 
their atmospheres, and in what proportion waves of 
light and heat ar(3 absorbe<l in passing tlirough these 
gaseous or vapoury envelopes. We have already seen 
the extent of the absorbing power of our Eartirs atmo- 
sphere upon tlu^ solar rays, and how much their inten- 
sity is diminished at the horizon. It may be that 
Mercury, for instance, has an atmosphere of such den- 
sity and composition tluit the soil of tliat planet does 
not directly recidve more heat and light than the soil 
of the Earth dot\s; on the other hand, it may possibly 
receive much more than is indicated by the foregoing 
table. We hav<‘, as yet, very few data concerning the 
atmospheres of planets, and with regard to the (piestion 
now befon? us, we are well-nigh reduced to mere con- 
jectures : w«‘ only mention the subject at all, in order 
that our readeivs may not draw erroneous inferences 
from ira|W‘rfect or incomplete notions. 
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§ nr. — D istance of the Sun from the Earth, 

What is the Parallax of a celestial Bixly ? — How to nioasHro an 
inaceoHsible Distance ; horizontal Parallax — Measure of the 
Sun’s i^irallax : the Method used hy Aristarchus of vSuinos ; 
Of)positions of Mars and Venus ; Passu^^o of Venus. — The 
Sun’s Distance deduced froin the Vehu'ity of Li^ht and the 
Constant of Aberration. — Time that would bo re4uin‘d to 
reach the Sun fr<uu the Earth ; Light, Sound, a Cannon Ball, 
a Railway Train. 

WIh‘ 11 you assert to a person unaccpiainted witli the 
science of inattieTnatics, that astrononnrs have been 
able to ineasnn^ the distance of any celestial body from 
our Eai 1 h, your assertion is often received with a smile 
of incredulity. Unless, indeed, the [)erson in (piestion 
places implicit faith iu what you say, and accepts the 
statement as a sort of scientific miracle, from liaving 
become accustomed to so many marvellous applications 
of science in modern times, and feeling inclined, to 
believe almost anytliing. 

Tlie present <juesti<m is, nevertheless, one of sur- 
prising simplicity from a t]i(?oretical point of view, 
conseipiently easy to understand, l>ut nevertheless very 
difficult and complicated in actual practice. In this 
case, and in many others, we shall have to adopt an 
opinion very different from that which is commonly 
received by tlio public at large. Let us endeavour to 
prove this with regard to the Sun’s distance from the 
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Earth— a dintance with which we must become ac- 
quainted before we can calculate its real size from its 
apparent dimensions. It is, moreover, one of the 
most important data in astronomical science: the 
Sun’s distance is the unit of inefisiire which is applied 
to all other distances either in tlie solar world or in 
the most distant rtjj^ions of tlie heavens known as the 
Hlellar world, or the Universe?. 

In tin? first, phua* we must define tlie meaning of 
a word which occurs frequently in the language of 
aritronorners when they ha])pen to s|X?ak of distance. 
This word is pavallnx : we liear them speak of the 
Moon’s parallax, the Sun’s parallax, the })arHllax of a 
star, v-Scc. What is the parallax of a celestial bod}'' ? 
It is this : — 


In order to measure tlie distance that separates us 
from any point which we cannot approach — such is 
the case for the Sun, the Moon, 
and the stais — the observer first 
makes choice of a base. Sup- 
pose be is at a point A (Fig. 
14) he traces u|x>n tlie ground 
from tliis point A a straight 
liiu‘ A 0. This line is the 
basis of his operations, and all 
he requires is that it shall be 
straight and of known length, 
and that ita two extremities, A and C, shall be of 



Fig. U,-~How to meiwjre the 

ptMlJt. 
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easy access to him. At A he measures the angle B A i\ 
which the visual ray of the distant object forms with 
the base line. At C hv likewise mefisures the angle 
formed by the visual ray CB with the base. Now it 
is evident that these two determinations can be made 
simultaneously by two observers, one at A, and the 
other at C, both of whom look at the object B at tin* 
same instant. 

It does not require mtich knowledge of mathe- 
matics to see that the triangle A C B is now known by 
one of its sides A C, the angle A and the angle C ; 
and tliat to solve? the question of distance W(‘ have 
only to construct a similar figure on pa]>er. By 
then measuring with tfie same scale A (>, either the 
line A B or the line B 0, we shall know, without 
approacliing in the slightest degree tluj point B, what 
is the exact distance which sejjarates us from this 
jK>int. This is a process whieli engineers and sur- 
veyors constantly resort to when they wish to measure 
a given distance over winch they do not feel inclined 
to travel. 

Let us return for a moment te> the triangle A C B, 
Its three angles, like those of any other triangle, are, 
as every one knows, equal to 180®. Therefore, since 
the tw’^o angles A and C have been measured , their 
sum can Ive deducted from 180®, and what remains will 
})e the value of the angle B. Now what is this angle 
B oth€?rwise than the visual angle at wlnicli an ob- 
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server placed at B would see the base line A C ? It 
is also, if we like, the angle whicli measures the ap- 
parent motion of the object B as the observer proceeds 
from A to 0 : it is this particular angle tliat astrono- 
mers call the parallax of the object B, wliether the 
latter be the Moon, the Hun, or a planet, &c., whose 
distance from the Earth they wish to ascertain. 

L<‘t T (in Fig. 15) represent our Eartli, and E 
tlie celestial body whose distance we 
wish to know'. We require to find the 
value of E T, the distance from the 
centre of the Earth to the centre of the 
planet, Moon, or Sun. An observer 
placed at A on the line E T sees the 
Sun at the zenith, whilst a second ob- 
server, placed at B, measures the angle 
E B Z, which measures the distance of 
K from Ids ztmith. This gives him the 
angh3 E H T. JNloreovor, the angle 
A T B is known ; it is expressed by the 
difierence of latitude between the two 
observers if they are on the same meri- 
dian. The radiiis of the Earth T B is 
iikt^wise known; it forms the base of tlie triangle, A 
very simple calculation will, therefore, allow us to 
find the value of T E. As to the parallax, or tlie 
angle T E B, it is so much greater the farther B and A 
are separated, until one of the observers is at C where 


I \ 
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the Sim would be seen by him at the horizon ; tliat is 
why the parallax, in tliese circiimstanceH, is called a 
horizontal parallax. 

By means of special operations, w^hich arc' more or 
less CMmiplicated according to circiunatances, astrono- 
mers calculate tliis parallax for each celestial body, 
and by its means they oldaiii its distance from the 
Earth. Our readers will see that it might be accu- 
ratcily defined as the angl<3 which, to an (»l)servt‘r placed 
upon the celestial body, woidd be subtended by the 
Earth’s radius. 

It will now be (easily perccavod that the fnrtlier 
the celestial body is removf'd from the Earth, the 
smaller will be this angle— its parallax-- or tlie smalha' 
W'ould the radius of tlu^ Earth, as se(?n from the 
ceh^stial body, appear. Ti»e truth of this is verified 
every day when we look at distant objects on tlu* 
Earth’s surface* the greater tlie distance tliat separatf's 
ns from tliem the smaller they appear. 

Tin* older astronomers liad endeavoured, like thc^ 
moderns, to ascertain the .Sun's distance, or, in other 
terms, to take its parallax. But this is a very delicate 
problem in actual practice, because the .Sun's parallax 
forms a very small angle indeixl ; they tried to escape 
the iliflScnlty by comparing the distance of the .Sim 
wdth that of the Moon. The latter being much nearer 
to the Earth was approximately known, at least in tlie 
time of Hipparchus, a Grecian astronomer who lived 
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at Alexandria about 2000 years ago. Tliiis, Aristar- 
chus of Samos, 2G0 years before tlie Christian era, 
remarked very truly that the centre of the Sun, the 
centre of the Moon, and tlie eye of an observer, form 
the three summits of a triangle LTS (Fig. Hi) in 
wdiich the angle L is a right-angle when the Moon is 
at a qnadraPuvey tliat is to say, when the light and 
dark portions of the lunar disc are separated by a 









V 

Fi^r, lO.—l)cti!rminatmn of tlic Stiii'a disfcince by the raetbocl 
of AristJirchud of SiiJaoa. 


perfectly straight line. Taking note, precisely, of 
this instant, eitlu r at the first or last quarter of the 
Moon, Aristarchus measured the angle L T S which is 
subtended by the distance of tlie Moon from the Sun, 
and deduced from it the ratio of the distance T S (tlie 
Sun’s distance) to the distance TL (that of the Moon). 
But this method is not sufficiently precise, and the 
Sun’s distance from the Earth, as found by Aristar- 
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chus, was very much too small. The same may be 
said of that employed by Hipparchus, and after Idm 
by Ptolemy, which consisted in measuring the dia- 
meter of the Earth’s shadow^ in eclipses of tlie Moon. 
Up to Die seventeentli century, things in no better 
state with regard to tin's subject 5 the parallax of the Sun 
was set down as equal to three minutes, which would 
make its distance equal to 11 40 times the Earth’s 
radius, or only about 5,(KX),(KK) miles, \\\^ shall see 
that it is much greater than this, 

Kepler, Kiccioli, Hevelius, and Vendelinus, though 
they still made use of the method invented by Aris- 
tarchus, were provided wdth much lietter means of 
otiservation, and reduced the parallax of the Sun buc- 
cessivf^ly to two minutes, to twenty-eight seconds, and 
finally to fifteen seconds. The latter figure, never- 
theless, is nearly twice as large as it should be. 

However, Kepler made another kind of deter- 
mination possible. This great genius discovered tbrcje 
astronomical laws, known among the modems as 
Kepler s latvs, which govern the motion of all the 
planets round the Sun, and one of which estaldislHis 
a connexion between the duration of their revolutions, 
and their mean distance from the common focuB. 
Therefore, before knowing these distances with abso- 
lute accuracy, before being able to express them by 
means of a well-determined unit, it was possible to 
calculate wdtb precision their relative values. Thus, 
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the distance of the Earth from the Hun being con- 
sidered as this unit of measure, that of Venus is 
0*723, that of Mars 1 *524. It resulted from this that if 
tlie distance of any one planet from tlie Hun were 
known witli accuracy, that of all tlie others could be 
at once calculated w^ithout difficulty. Instead of seek- 
ing to determine directly the distance from the Earth 
to tlie Hun, or the solar parallax, it was sought to 
determine by oliservation and calculation the parallax 
of Mars and tliat of Venus at the periods when these 
planets are at tlieir least distance from the Earth ; 
that is when Mars is ‘in opposition’ and Venus ‘in 
conjunction.* 

By means of these observations on Mars during 
the last two centuries, the Hun’s parallax was found 
to be lO" by (’assini, 6'' by La Hire, lo" by Maraldi, 
from 9 to 12 seconds by Pound and Bradley, and 
by Lacaille. We giv<* these residts to show 
bow far observt^rs still were from an aeeurato know- 
ledge of the Hun’s distance, even at this compaiatively 
advanced ])r‘riod of learning. 

A new method sprang up, however, and gave much 
more certain data. In 1761 and 1769 Venus passed 
over the Hun’s disc, and the illnstrimis English astro- 
nomer, Halley, had announced beforehand how inter- 
besting these pa-ssages would prove in enabling astro- 
nomers to calculate the Hun’s parallax. We could 
not, without entering into too many details, exhibit 
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here the method of observation recommended by Hal- 
ley and practised by the astronomers of the eighteenth 
century. We must content ourselves with stating 
that when Venus comes into conjunction between the 
Sun and the Earth, this planet is considerably nearer 
to us than tlie Sun is. Its parallax is therefore greater 
than that of the Sun and consequently much easier 
to observe. Observers placed at very distant points 
on the Earth’s surface will not see the planet pass 
over the Sun’s disc (as a black spot) at the same 
points ; for some of them the planet will appear at 

V (Fig. 17) and pass along 
the line I5VA; for others 
it will be seen at \\ and 
will describe the cord I) V'C. 
As these cords are of un* 
e<jual lengths the duration 
of the pjissage will riot he the 
same ftrr each observer. Now 
17 .- Sum's j)anaisvx deter- froiii the difftu'ence of these 

rniiic<l by tb« m£ Vtsuus. . i i 

durations we can deduce the 
ditference between the parallax of Venus and the Sun’s 
parallax ; and as we know the ratio of tlie one to the 
other, it is easy to calculate each of them,’*^ 

When we say ^ it is easy ’ it must not be irnagiiu'd 

* For more ample details on this subject see the author » 
work ‘The Heavens,’ Book III. of which wo now possess an 
English translation. 
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that the calculation can be made with one stroke of 
the pen ; on the contrary, it is a very tedious and 
laborious calculation ; what we mean is that that diffi* 
culty is reduced to mathematical calculation, the 
accuracy of which depends solely upon the degree of 
precision with whicli the observations have been 
made* 

The astronomer Encke, by re-investigating the dat^ 
obtained by tlui passages of Venus during the last 
century, found for the Sun’s parallax the amount 
8"*57 whiclj has been generally adopted to within the 
last few years, and gave as the Sun’s mean distance 
from the Earth about 24,(K)0 times the e({iiatorial 
radius of our planet. But philosophers are never 
satisfied. When a certain degree of precision has 
been attained they ask for still greater precision, and 
thus science progresses without intermission. 

The parallax of the Sun as deduced, according to 
certain known inetbods, from fhe theory of the Moon's 
motion, and also from the perturbations of the planets, 
appeared to certain geometricians, among whom 
must (|UOte M. Le Verrier, to require a somewhat 
greater number than that found by Encke, a circum- 
stance whicli would tend to reduce the Sun’s distance 
from the Eartli. 

On the other hand, I^on Foucault having deter- 
mined, by a new and very carefiil set of experiments, 
the velocity of light on the Earth’s surface, and 
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having found it to be 298,000 kilomelreK (186,000 
miles) per second, has enabled us to draw the follow- 
ing conclusions : — 

A cedestial phenomenon, called aberration, long 
known to astronomers, and measured with very great 
precision, is a consequence of tlie motion of light and 
the translatory motion of the Earth combined. Now 
a certain number which geometricians call the riynsiant 
of aJwrnttlon shows that the velocity of light tlirough 
space is exactly 1(),(X)() times the mean velocity of tin* 
Earth. If, therefore, these oxy)eriin(*nts of Leon 
Foucault are correct it follows that the EartJi movt s 
29*8 kilometres (18'ti miles) per se.*cond. From this 
we can calculate the distance it travels in a year, 
that is, its orhit ; and this orbit, once known, its mean 
radius, or, in other terms, tlie Eartids mean distance 
from the Sun, is deduced as a mathematical oonse- 
quence. 

In this manner a figure is obtained for the Sun’s 
distance wliich corresponds to a parallax of 8"*86. 

Tt) recapitidate : the passages of Venus furnished 
Encke with the number 8"’57 ; cehjstial meclianics 
and certain observations of tlm plaiu.'t Mars give 
; the velocity of light 8''*86. There still exists, 
we see, a certain amount of uncertainty which, it is 
hoped, will be entirely dissipated by the observations 
of the coming passages of Venus over tlie Siurs disc 
in 1874 and 1882. 
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We bIuiU cert-ainly not be very far from truth if 
we adopt, for the present, the parallax 8"*9, By 
doubling tliis we get 17"*8 as the angle subtended by 
the diameteu* of the Earth as seen from the Sun : this 
angle is so small that, at such a distance, our planet 
would not appear anything more than a dim star 
somewhat similar to Saturn as seen by the naked eye. 
But let us return to the Sun’s distance. 

The parallax 8'''9 gives for the Sun’s distance from 
the Earth 23,189 times the length of the equatorial 
radius of our globe, that is to say, about 147,910,000 
kilometres (91,308,642 miles). In round numbers 
lot us say 23,200 radii of the Earth, or 148 million 
kiloTru'tres (upwards of 91 millions of miles.)* This 
would represent the Sun’s mean distance from the 
Earth, when the latter is in that part of its orbit 
wliich <jorres]ion(ls to the first days of April and the 
first days of October. The extreme distances differ 
from one another by 778 times the Earth’s radius, 
or 5, 000, 000 kilometres (3,087,037 miles), so tliat 
in winter we are some three millions of miles nearer 
to the Sun than in siunmer.t To sum up we have 
then, — 

* [Until recently 95 millions of miles has been generally 
adopted by astronomers.] 

f [The inhabitants of the Antipodes, for instance the Austra- 
lians, experience the reverse of this, b(5ing three millions of 
miles nearer to the Sun in summer. — P,] 
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Distance from tho Snn to the Earth 

Equatorial Tladii. lu Milos. 

Aphelion . . 2:5,580 92,s:53,:535 

Mean . . . 23,100 01,308,042 

Perihelion . , 22,800 80,771,004 

We must not look upon these niuuhers us abso- 
lutely true, hut they cannot be very hir sliort of 
truth. It is esvsential here that w(? .sliould have a 
sufficiently accurate notion of these distances as com- 
pared with those we are in the habit of measuring 
upon the Earth’s surface, and so to realists tlie iin- 
menae distance at which the Hun is placed from tin? 
planet that we inhabit. P'lirtlK^r on w(‘ sliall see 
that even this enormous distance vanishes to a mere 
point \)efore the dimensions of ihe si<ler(‘al world, or 
tliat portion of tlie Universe which is acecssilde to our 
telescopes. A ftiw familiar comparisons will nuidcr 
the first of these, assertions tolerably evident to all. 

In tlie first place, we will allude to light wliich 
propagates itself in a straight line witli an uniform 
velocity of 298,000 kilometres (18(),00() miles) per 
second. In coming from the Sun to the Earth it 
requires 496'^*35, or 8''* 16**35 to pass over tlie 91 
millions of miles. A cannon-ball weighing 24 pounds, 
shot from the g\m with 12 pounds of powder, ae(‘om- 
plishes 545 yards in the first second of time. If it 
kept up this velocity to the end of its journey it would 
rerpiire 9| years to reach the Sun. 
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If the space which is comprised between the Sun 
and the Earth w’ere capable of transmitting sound with 
the uniform velocity of 370 yards per second — which 
is its velocity at GO® Fahr. in our atmosphere — it would 
require no less than 13| years. If an explosion oc- 
curred on the Sun it would then be about 14 years 
afterwards that we on the Eurtli shouhl hear the noise 
of it. 

l-<et US imagine a line of railway connecting our 
glohewu'tli the Sun, a train proceeding directly, with- 
out any stoppages, and at the uniform rat(^ of 30 
miles per Ikhu*, would arrive at the Sun in 337^- years. 
By leaving the Earth on the first of January, 1869, 
we should arrive at the (md of our journey towards 
the latter end of tlie year 2206 ! 


§ 4. Rkal Dimensions of the Sun. Its Mass 
AND ITS Density. Intensity of Gravitation at its Surface 

For the Sun to appear to us in the form of a disc 
having so large an apparent diameter in spite of its 
enormous distance from us, it is evident that its real 
dimensions must he something prodigious. The solar 
globe — we shall see presently that the circular form 
of the disc is owing to the Sun's spherical figure — has 
indeed a diameter whicli is no less than 108 times as 
large as that of the Earth. This proportion of the* 
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diameter of our planet to that of the Sun is rendered 
more evident thus: the solar parallax doubled gives 
the apparent diameter of our Earth as sec^n from the 
Sun, that is 17"*''^, and the mean uppanmt diameter of 
tin' Sun as seen from the Earth being 32' 3'^*(>4 or 
lt>23"*G4, it is oul}' necessary to <livide this by 17*8 to 
get V(‘ry n<‘arly the ratio of the two diam(‘t<*rs; in 
making th<^ exact trigonomelncal ealculatitm we ob- 
tain : — 

1) = lOs-iaa (i. 

If we pass mnv to tin; dimensions of the Sun ex- 
pressfsd in miles, s<|uar(» miles, and cubic miles, wf* 
find : that tin* radius of the c(‘n1ra,l orb of our sy8t(uu 
is about 42(!,()dt) miles; tlie. eireiimfenince, or ]n(‘asure 
<»f OTU^ of its grejit circles, would bi^ 2,G72,222 miles, 
w'hieb is aljoiit I OH times the eorres])oudiug diinen- 
sioiiB of our Kart Ik The surface of tlie Sun, including 
its iumijjous envelope, whieb so dazzles our eyt^s, is 
scarcely less than 12,000 times that of our glol>f‘,, or 
in round numbers a]K)ut 2,300,000,000,000 S(|uare 
miles; whilst its volume must be (expressed by 
323, 000 ,000, 000,000 too cubi(‘- miles, or thereabouts. 

Perha])s th(* best means of ap]ireciating so vast a 
figure is to co npare it with the. volume of our 1^'arth 
itself, wiiielt is about 260,000,000,000 cubic miles, W(‘ 
find nevertbeb‘ss tJiat the volume of the Sun is cipiiva- 
leiit to 1,273,000 terrestrial globes. The Earth is by 

T 
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no means the largest of the planets, since Jupiter, 
Saturn, Uranus, and Neptune, are respectively 1230, 
085, 74, and 85 times as voluminous as our planet. 
But if all the planets known, togt^fher with their 
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Fip IS.— The circumtcrcncu of tlie Solar gl‘>bo coTii!)>arcd to the 
orbit of tho Mo\ai. 


satellites, were fustnl together into one ghdte, vve should 
find that the volume of the Sun was still hOO times as 
great as this agglomerated mass. Tlie Moon is se- 
parated from UvS by a distance etpial to 64 times the 
Earth’s radius, still, supposing that the centre of the 
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Sun coincided with that of our globe, not only would 
the entire lunar orbit be comprised in the vast solar 
sphere, but we should have to add to the width of this 
orbit 48 more radii of tlie Earth in order to reach 
the external surface of tlie eeniral orb of our system. 
This is represented in Fig, 18. 

The great importance of the Sun amotig the celes- 
tial bodies which gravitate around it, is better under- 
stood wlien they are all represented to scale, both as 
regards their respective sizes and their various dis- 
tances. This is the object of tigure 19. (See Frontis- 
piece.) It is useful to exhibit these relative dimensions 
and distances by means of familiar figu»*es and w(*ll- 
kriown nn^asures. 

Suppose that we represent (he Sun as a spher<i 
liaving a diameter of 4 inches, the Earth will then 
liave to be repiesented as a minute grain less than 
3-l()()ths of an inch in diameter, wliich we must place 
at a distance of 22,^ yards from tlie former, to place its 
real size and distance from the Sun in liarrnony one 
with tlie other. If the Earth he n^preseiited by on 
ordinary geographical globe, sueli as are used in 
schools, the diameter of whicli is about 1 foot, (Ik; 
solar globe to correspond must be placed at a distarKX* 
of 2^ mile.s, and be represented by a great sphere 35 
yards in diameter. Jupiter, the largest of the planets, 
would likewise be reprewmted by a globe 3l yards 
wide, wliich would have to be placed at 11 miles dis- 
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tance ; Saturn would be a globe yards wide placed 
at a distance of 20 miles. 


What is tbo W(;ighl of tlio Sun ? — Some Notion of an ABtrono* 
nior’s balance, or how Astronomers ostimat.o the Wci,e:ht of 
tlie heavimly bfxlies. — How many (jrlol)(*.s equal to our Harth 
would he required to counterpoise the Sun. — Weight of 
Ihxlies on the Sfirfaeo of the Sun ; its Mass compared to tliat 
of ail the I'lanets put together. 

Maying 8])oken of the dimensions of the 8uu, let us 
pass to aiu)ther portion of our subjt^ct and speak of its 
nuiss, or the quantity of matter (jontained in this im- 
mense s])lierical volume. Wo will see how astronomy 
replies to this impiiry, which has even more right to 
e.vcite astonishment and to give rise to incredulity than 
that conc(‘rning tln^ distances of celestial bodies. 

Wliat is tlie mass of the Snn as compared witli 
that of our terrestrial globe ? If we could iinagim* a 
l)alaiiee or pair of sca.los enormous enough to hold th(‘ 
Sun in one of its pans, bow many Eartljs should we 
have to put into the other pan to connterymise it ? 

Tliis is not exactly the proper place to explain by 
what methods of deduction and observation, ealctila- 
tion and ro'asoning, astronomers liave been able to solvq* 
tins curious problem of celestial mechanics, and how 
tliev hav(‘ been able to ascertain the weiglits of tlu* 
Sun, the Earth, the i\Ioon, the other planets and tlieir 
satellite's. We can only mention the principle, or 
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start in <^-p(vi lit, and show how possible it is to solve tlw‘ 
prohlem in (piestion. 

Tlie principle is that of tiniverml gravilaltou^ the 
jj^lory of foririulating the laws of wliicii helon^.s to 
Newton, and to which lie appended the three laws ol' 
the inunortal Kejiler as natural coiisecpieiices. Any 
two material jioints, said Newton, tend or gravitate 
towards each other with a force whicli is proportional 
to their masses, and which decreases as the scpian^ ot 
their distances increases. 

The Snn and planets, in one word, all the different 
liodies of the solar system, having a form which is very 
nearly spherical, each one acts upon the other as if its 
mass wen* concentrated to a singhi ptiint placed at its 
ctaitre. This is a second fact for wliich we are also 
indebted to tlie English geometrician. 

A planet, sucli as the Eartli, in ciiculating ronrul 
the Sun, may bo <’onsjdered as subjected to two forces, 
the one called gravitation, by which it t(mds to ap- 
proach tlie Sun; tlie other which, if it acted alone, 
would, on the contrary, remove the planet indefinitely 
from the Sun. The incessant conibinat ion of these 
two forces produces the elliptic movement (revolution ) 
of which we have already spoken, and of which Keph'r 
found the law which applies to all the planets. Put- 
ting aside, as a matter of very secondary consideration, 
the actions exercised by the other globes of the solar 
system, the following is the manner in which tlie re- 
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spective masses of the Sun and the Earth have been 
calculated. 

What must be done to enable us to compare these 
two masses? We must find out what would be the 
force witli whicli each of them would act upon a given 
mass of matter in virtue of gravitation, provided that 
this mass were placed in each case at equal distances 
from the two others. And as the said force can be 
measured by the space described in the first second of 
time, the problem may be put thus : — 

What, space would be passed over in the first second 
by a body falling by gravitation, that is, by the action 
of the mass of the Earth to a distance equal, say, to 
that of the Sun from the Earth ? And what would be 
the amount of space described in the same time by a 
body falling through an e(jual distance towards the 
Sun by the influence of the solar mass? 

Now, direct experiments have shown that in our 
latitudtjs a body which falls freely in a vac\iuin by the 
action of gravitation, that is, by the action of the mass 
of our glob(? supposed to be concentrated at its centre, 
travels over a space of IG feet in tlu^ first second of 
time* The distance to the centre of the Earth from 
London is about 4000 miles. If the falling body be 
removed to the mean distance of the Sun, the space 
travelled over in the first second by this body as it falls 
towards the Earth would l)e reduced in the inverse 
ratio of the squares of the two distances 4000 miles, 
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and 91,308,642 miles; atid so would the acquired ve- 
locity, which would he then represented by 0*000, 000, (K)6 
of a foot. 

We must now ascertain how a body, placed at the 
distance of the Earth from the Sun, falls to the latter 
by the action of its mass in tlie first second of time. 
The knowledge of the dimensions of the Earth’s orbit, 
and of the mean velocity of the Earth in this orbit, 
allows us to make the retpiired calculation, the details 
of which we will not give here, and we find ()*(>01 of a 
focyt for the space passed through in the first second by 
a body hilling towards the Sun, and the double of this 
numbtyr, ()*0()2 of a foot, for the velocity ac(|uired in the 
same time. 

Tiie comparison of the masses of the Em'tji and 
Sun is the immediate conscK][uence of tlies^y two results ; 
tlui mass of tlie Sun is to that of the Kartii as tlie 
number 0*002 is to 0*000,000,006. A simple division 
gives tlie ratio 333,333. 

This number which W'e have arrived at by an ele- 
mentary method, simply to show how the problem may 
be solved, and neglecting certain important elements 
of the (juestion, is not the figure usually admitted. 
Astronomers have found the mass of the Hun to be 
(‘(pial to 325, (K)0 times that of the Earth. The ques- 
tion before asked can, therefore, be answ^ered thus : — 
325,000 EarfJcH ivoidd weigh as much as the Sun, 

Now, every one knows that the specific gravity, or 
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deriBity, of our globe luis been found by different 
inetbodB, and that the mean di^riHity of the Eartli in 
fixed at 5*44, or thereabouts. The Earth weighs then 
5*44 times as mucli as a similar volume of water. On 
multiplying this number by 325,000, wi^ hud tlie total 
weight of the Sun, which, reckoned in tons, gives us 
the frightful figure 

2,1 54,1 OG, 580, 000, 000, 000,000, 000, 000 tons, 

Th(^ mass lieing known, we may divide it by the 
volume of tlui Sun, in order to find the spt^cifie gravity 
(or the diuisity) of the matter of which it is composed, 
which is found to he 0*2513G (or nearly one-fourth) 
that of thi^ Earth taken as uijjily. In other t(*rins, 
taken in cijiml volumes, the weight of the matter 
which emnposes the Sun, is scarcely more tlian one- 
(piartcr of the weight of that which composes our 
globe. Compared to water the density of the Sun is 
1‘3G7. Th(^ most cum}>act kind of coal has a specific 
gravity of l*3G, tliat of ])hosphonis is 1*77. Ther<‘fore 
the Sun w(Mghs a little more than a globe of coal of 
the same dimensions, much less than a globe of phos- 
phorus. 

As the Sun is, after all, the body which ])reponde- 
rates over all the orbs wliich revolve in our system, it 
is interesting to compare it with each of them, at least 
with the principal planets, and to show at one glance 
rlie ratio of ita mass, dimensions, density, &c., to theirs. 
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Tliis in done in the followinj^ coiiden«ed table, wliere 
all tliese results arc summarised: — 
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01 
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1 1-105 
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4-000 
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0-211 

0-053 

Uranus . 

4-205 

i 74 

; 10 
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0-S83 

Tile Kartl. 

i 1-000 

1 l-ooo 

vooo 

i-ooo: 

1-000 

V(‘nus . 

0-054 

1 

0-77X4 

0-8S7: 

0-042 

Mars 

0’5!j() 

1 (054 

! O'lll 

(X720 

; 0-3s2 1 

.Morcnry . 

o-:i7:4 

1 

1 0-07X, 

1-420 

i 0-540 ' 

The Moon 

0-273 

! (J-020 

1 0-012 

i 

u-(;oo 

1 0104 


^lany interesting considerations can be driiwn from 
the simple inspe<dion of tliis table. 

On adding together the volumes of all the principal 
planets, we tind tliai they give a total e<jua] to 2077 
times the volume of the Earth; adding to this tlx; 
telescopic planets and the satellites of Jupiter, Saturn, 
Uranus, and Neptune, we should not increase the figure 
to more than 2080 at most, and this is contained til 2 
times in tlie niirrdier l,273,fX)0. The volume of the 
Sun, therefore, surpasses that of all the other plarn^ts 
together more than 600 times, as w^e stated previously. 
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If we conKider the masses we find in like manner 
that their total is ecjiial to 432 times that of our Earth, 
and tljat it is only about the 704th part of that of the 
Sun. 

The f<iur larger planets liave each a specific gravity 
('density) which approaches very closely to that of the 
Sun, whilst the four planets of medium size, and the 
Moon, are formed of a much less dense substance; 
tluur mean density is 0*940, a figure wdiich is nearly 
4 times that wliicli represents the density of the 
Sun. 

Then? is a fiftli column in our table where the in- 
tensity of gravitation at the surface of each planet, and 
at. the Sun’s surface, is indicated. This is what these 
figures mean ; — At the surface of the Earth a body 
abandon(?d to itself in a vacuum, falls, at tlic end of 
one second of time, with an accelerated velocity which 
is ecjual to 32 feet. The space over which it has tra- 
velled u]> to that point is lialf as great, or 16 feet. It 
is this acctderated velocity which serves to measure the 
energy of terrestrial gravitation ; it dt‘peiids on the 
mass of the Earth, which mass is invariable ; it de- 
pends also on the distance from the centre of tlie 
Earth at which the body begins to fall. Tlie same 
element being calculated according to the known 
masses of the planets and their respective dimensions, 
gives us the numbers in the fifth column of our table, 
which permits us to calculate what would be the acce- 
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lerated velocity of a heavy body after falling for one 
second of time at the surface of each celestial orb. 

At the Sun’s surface this accelerated velocity is 
27*366 times that of a body foiling at tlie surface of 
our planet, |^)r 872 feet ; the space travelled over in the 
first second would be the half or 436 feet. 

Tims we see that bodies on the Sun’s surface must 
weigh 27 times as much as upon tlie surface of tlio 
Earth, 29 times as much as upon Venus, more tlian 50 
times as much as upon Mercury, hut only 11 times as 
much as upon tlie surface of Jupiter, In other terms, 
if a one pound weight which upon the lilarth causes 
the spring of a dynamometer to yield till it marks 1 lb. 
were carried to the surface of the Sun, it would there 
cause this spring to yield to the division which marks 
27*366 Iks. The projectiles used by artillery, as M. 
Liais has shown, would, consequently, have a very 
small range on the Sun’s surface. They would de- 
scribe V€?ry considerable curves, and would foil to the 
ground at a few yards from tlie muzzle of the gun. It 
would recjuire an immense charge of powder tx) send 
them to the distance to wliich they can easily be shot 
upon our Earth. 

Upon the Earth the centrifugal force developed by 
the rotation of our globe diminishes the weight of 
bodies in a proportion which goes on increasing as we 
approach the equator. Upon tlie equator itself the 
total diminution is l-289th. Upon the Sun the cen- 
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trifugal forc^e at tho e(niator is soarc<‘ly more tlian the 
1 -18,000th part of the body’s weight. The Sim would 
have to turii upou its axis 133 times (juickcr to couii- 
t(ud)alaiiee the effect of gravitation at its surface, so 
that a body would be deprived of weight; .^vln^reas our 
Earth would only have to turn 17 times (pucker to 
deprive all bodies on our globe of their weight. The 
v<iry small amount of centrifugal force at the Sun's 
ecjuator, c(unpared to the intensity of gravitation at its 
surface, explains the absence, or, at hvist, tlu^ very 
small amount, of flattening observed on tla^ solar globe, 
all the diameters of which, nn^Jisured from the Earth, 
apjiear to be pia'fectly ecpial to eacli other. 



CHAPTER IV. 


Rotation of tuf Sun. 


§ I. DlSt'OVKHT OF THE Si^N’s KoTATIoN. 


Falirif'idH, in IT)!!, discovers tint Spofs nf tlic Sun and tlioir ap 
parent Motion. — Galileo determines the Duration of their 
viHildlity, and that of the Sun’s Kotation. 


The solar globe rotates round one of its diameters, 
with an uniform rnotioii in the space of about 25 days 
and a half. 

Tiio discovery of this fact, so important to the 
progress of astronomy, dates from the bogiuning of tbe 
seventeenth century, the period at wliich it was first 
given to man to observe the surface of Hk* Sun with 
the newly-invented instrument called a telescope : it 
appears to be incontestably due to Joliann FabHeius, 
to wliorn all the honour of it must be ascribed, as is 
proved by the paper which be published on the suhjf^ct 
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in 1611 . But both Giordano Bruno and Kepler’* 
suspected that the Sun was endowed with a rotatory 
motion on its axis ; and GalileO; who discovered the 
solar spots indepfjudently the same yc^ar that Fabricius 
first saw them, was not long in arriving at the same 
conclusion as tlie Dutch observer. Tlxi following are 
tlie circumstances in which this interesting discovery 
was made — 

One day, as Fabricius was observing the solar disc 
by means of a telescope, he notiml with surprise a 
]»lackish spot of (jonsiderable size, which he first took 
be a cloud, upon the surface of the Sun. On ex- 
amining it attentively he found that he was mistaken 
as to its being a cloud ; but as the Sun mounted higher 
in the heiiveus he was unable to continue his observa- 
tion (for in those days tlie idea of using dark glasses 
for observing the Sun had not yet occurred ), he was 

* It is rather remarkable, says HuinhoUlt in tlio third volume 
of his ‘ tkismos,’ that Giordano Bruno, who was hurnl at the 
stake eight years before the invention of the telescope, and 
e1(?von befon? the discovery of the Sun’s spots, ^believed that 
the Sun rotated aruntul its axis. In ItW Kepler pubiishtHl his 
work, ‘Astronomia nova, sen Physiea Cudestis,’ in which he 
demonstrates, by his observations on Mars, the two tirst of his 
laws. In a }>assage of this work he explains the movements of 
^ho plfuiets by the rotation of tlie 8nn. 

[* This distinguished man was burnt at Home on the 17th 
February, 
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(»blige(i to postpone his examination of the singnlar 
phenomenon until the following day. ^ My fatlier and 
myself/ he says, ‘ passed the remainder of the <hiy and 
the whole niglit in a state of extreme impatience, and 
trying to account to ourselves what this spot could 
1)0. If it is in the Sun/ said I, ‘we shall, no donht, 
see it again ; if it is not in the Snn, its motion will 
render it invisible to ns. However, 1 saw it again 
early the next morning, with inconceivable pleasure; but 
it had changed its place a little, wliich cireuniHtance 
increased our uncertainty about it ; neverthehiss, we 
determin(*d to receive the Sun’s rays passiiig througli 
the small aperture of a camera oscura, upon a shecjt of 
white paper, and w^e then saw tliis spot very well in 
the form of an elongated cloud. Bad weather pre- 
vented our continuing these ol)servations for the next 
three days; at the end of that time we again saw the 
spot^ which had advanced oblitpiely towards the west 
of tlie Sun’s disc. We saw anoilHir, a srnallc^r one, 
near the edge of tlie disc ; in a ftnv days this one 
reached tlie middle of the disc. Ph'nally, a tliird made 
its appearance ; tlie first disappeared soonest, and the 
otliers a few days afterwards. I was agitiit(*d alt<;r- 
nately witli hopes and tears lest I should not see them 
again ; but ten days later the first of them reappeared 
at the east of the disc. I then understood th/it it had 
made a revolution [round the Sun], and sinc'c tlie 
commencement of the year I have convinced myself of 
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tbe truth of this notion ; and I liave sliown these spotM 
to other persons, who, like myself, are persuaded that 
it is so. Nevca'theless I was troubled with a doubt 
which ])r(?vonted rue, first of all, writing upon this 
suhjf^d, and which made me regret the time I laid 
lost in making tliese observations. I uotie<M] tliat 
these sput^ did not always remain at th{‘ same dis- 
tances fn»m each otlu'r, that th(‘y ehangcMl both their 
forms and tlunr velocities; hut 1 reaped all the more 
pleasure when I per(*eived the reason of this. As it 
is probable, from these observations, that ilu^ spots are 
upoii tlu; body of tbe Sun itself, which is spljerical and 
solid, thi-y would of course appear smaller and endowed 
with slower motion as tlnw approach tln^ borders of the 
Sun. We invite tlie lovers of physical truths to profit 
by the sketeli wo here lay before them ; thv'v will, 
doubtless, suspt'ct that the Sun has a turning motion, 
as Jordanus Bruno lias asserted (in his '“Treatise cm the 
Uuiversef published in 1591), and latterly by Kepler 
in his book on the motions of Mars, for without 
this 1 do not know what we could make of tiiese 
spots.' 

As may he seen by this passage, quoted by Lalande, 
Fabricius bad certainly observed the a-ppaivnt motion 
of the black spots on the surface of the Sun, and had 
proposed, as a probable explanation of it, the rolatory 
motion (turning motion) of the solar globe. (lalileo 
\vas still more precise and explicit ; lie fixetl the time. 



Discovery of Sn ri^s Rotation, 


129 


or period, which a solar spot remains visible*, 

which is about 14 dayvS. He refuted the hypothesis 
of the Jesuit Scluiner, who believed tlu^ spots tt> be 
remote from ih(‘ Sun and assimilated them to planets 
turning rouiid the central orb and presenting their 
dark sidt.‘H to us, as occurs witJi Venus and Mercury 
whc‘ii they liappen to pass across the Sun’s disc. 

Sclieiner was convinced by the reasons which 
Galileo brought forward ; lie mad(^ a considerable 
number of observations himself, which he has con- 
sigiKHl in a large folio work of 800 pages, published in 
HillO, with the tith* ^ llosA UllsiNA, hIvc. Sol, ex ad-- 
'ioicaudo facidarinn et macular am p 

The rotation of the Sun upon its axis was thus dis- 
(tovered about half a century sooner than that of the 
plan(4s Vejius, Mars, and Jupit(*r, and at the same 
time the old notion about the incorruptibility of the 
heavens or the stars, which had coiru* down as a legacy 
from the ancients, was profonn<]ly shaken. Tlie Sun 
itself, that dazzling centre of light, that type of ahso- 
lute purity, was found to have spots, and as we shall 
soon see, variabh', movable spots, indicating incessant 
ehanges on the Sun’s surface. 


K 
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§ 2, Unifoumtty of the Motton of Sun-Spots. — Real Peuiod 
OF Rotation. 

Progressive Motioi> of the Spots from tlie Woslern to the Eastern 
Edge of the Sun’s Disc. — The Spots are upon the Surface of 
tlie Sun ; tlndr real Motion is uniftirm. — Direction of this 
Motion ari<J Mean Period of the Rotation. 


WiMioiit troiilding oiirscdvtm at proHCfiit aliont the 
natiin^ of the >Siin’s spots, let iis examine how the 
ol)scr\ati(.m of oiu‘ of th(*.in seems to determine tlie 
rotatory motion, its uniformity, and its period. 

By means of an astronoinieaJ telescope, whicli rt*- 
verses thc^ objects seen through it,'*' let us observe a 



Fig. 20, Mi 'tinn nf a Spot 
aoroi<s tlu.' Uisc of (ho Sim. 


Spot at the commencement 
of its course (at u, fig. 20), 
near tln^ eastern boi'der of 
the <lise. It appears tlien 
like a thin line or stroke, 
geni'rally much louger than 
it is wide, lu the first few 
days it appisars to trav(d 
slowly, but visildy approach- 
es the eentrt' ; its velocity 


increases from tlay to day until it reaches the cent re of 


* In HU astronomical refracting telescope tln^ highest point 
of the solar disc N is sism at the bottom of the image, and the 
lowest point flie toj>. In like manner liie eastern edge, to 
an observer, is on the right of the disc at E, and the western 
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the disc itself, or, at least., the middle of its ecmrse 
(o, fig, 20). At this momeut it has attamed its n\ax- 
imum velocity, and from o to h its velocity decreas<'s 
gradually as it foniierly increased. 

If two or more spots are visi])le at the same (iino, 
it is, of course, rare that the}’^ liappen to hii at the 
same periods of tlieir motion, but, nevertlieless, it is 
remarked that tijeir courses are parallel, and similar to 
one another; sometimes straight, sometim(3S (‘lli])tio, 
according to the tirm* of obs(‘rvatioTi. ]\Ioreover, 
though so variable in f>rm and dijiiejisions, llay are 
all seen with difficulty wIhjii near to the Sun's edge, 
where (lay app(3ai’, as \wv have just said, ve,ry narrow 
or elongated: the nearer tliey a,n‘ to the c(‘ntre of the 
disc tile wider they appear to he. 

However distant their eoiirs<-H may h(^ from the 
centre of tin; dis(‘, tlie same interval of time always 
elapses h(*tween the- opposition of the spots at the 
eastern e<lgo and tlieir disa.ppt‘aran(.*e on tlie W(‘.st ern 
border. 

edge on the left at O, contrary to Uie posiliotiH in \vhi< li those 
points are, seen willi the naked eytf. or with a haiobghiss. 

It should also ho reniark^rd that the Holar disc, carried along 
hy diurnal motion from sunrise U* sunset, lakes siu’cessive 
pnsitioris whic'h are such that the point which is the lowest at 
the mmnent the Sun rises above the liorizon, ascends gradn.iliy 
until, at sunset, it is the highest point pf the <iisc. 'I'iiis 
observation is necessary, in order to understancl tlie ajijetrent 
motion of the Sun's spots. 
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It often happens, however, that a spot, after div^ap- 
pearini;^ on the western ed^’o, reappears at tlie opposite 
side of tlie disc, and we then find that the period 
during which a spot is visilde and that during which it 
is invisil)le, an; very nearly (exactly equal to eacli 
otlier, or a lit.tli' l(?ss than fourtecni days each. 

All these, facts point undeniahly to a rotatory 
motion of tlie Sun iistlf; the spots are temporary 
accidents upon ils surface, and the rotation enables us 
to examine the solar sphere all round. 

Tiny Islong to the surface itself. Tf, indeed, they 
were product‘d ly bodies moving at a certain distaiuxi 
around the Sun, like the planets, their apparent 
motion in front of tlu‘ disc would lu^ so much the 
more uniform the greater their distance from it : that 
is, in fact, what we ohs(u‘ve during the passagCvS of 
iMercuiy and Venus. Moreover, tiny would ])roject 
black shadows on to the solar disc, hut these shadows 
would pH'scrva^ tlu* same apparent dimensions near tlie 
edgt' as \V(‘I1 as at the centre of tlie disc : tliere would 
lie none of those cliangeahle forms wliieli we remark 
in the solar spots. Finally, the duration of tlieir 
passage across the Sun wouhl ht; much shorter than the 
int(u*val during wliich they would he invisible, whicli 
would ruM'essarily correspond to a much greater portion 
of their orbits. 

It was once ftupposod, also, tliat the spots travelled 
over the Sun^s siafuce by a proper motion. There is 
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in this notion yonie degree of truth, as w(.‘ ^hall see 
presently, but in reality it is tlie entire mass of tlu? 
Sun which revolves and carries the spots along witli it. 
How is it possflde that isolated black bodi<'S inde- 
pendent of the mass of the Sun, and indepernhad of 
each otlu'r, could tlescribe tiudr course^ with so nineli 
regularity, and move in sucli similar parallel liin^s ? 

The variations in tlie vi-locity of a givcni s[)ot,when 
followed in its entire course from tln^ eastern to tin* 
western limli of tlie Sun across the centre, pr(.?cisely 
d(*monstrates the uniformity of the Sun's rot.'ition. 
Fabricius was weil aware of this, and we shall so(»n s<‘t^ 
how true it is. 

A sp<.)t which appears to us to d(*scri])(.‘ a straight 
lino or Jin elliptic curve across the solar disc, descri]»es 
in reality u circle on the surfact^ of tlie Sun. If vv<‘ 
saw in front the half-cireumfermice of the visihh* 
course, the spot, as it travels over the eipial segments 
A a, ah, he, cd, e.f, ///, By - 

(fig, 21), would apjiear endow- ,/ 

ed with its true velocity ; and / ' 

if its motion W'as uniform, its Ajy \ c ; - 

apparent velocity would l>e a\ j : /,y 

also unifonn. Hut we set' the o"' ^ 

f ^ " C 

course of the spot in per- 

Fig. 21.— Apiiarc-nt Prop:T'C*»wv« 

spective, sometimes as a right mou«u ot a sp»t.~- Tnn; cni- 

fomiity of this Motion, 

line ACB, sometimes as an 

elongated curve A DE. Near the edge tlie projection 



of tlie arc A a is Aa\ which is considerably smaller; 
near the eentn^ th(*, arc c d is ])r<)jectefl in c d\ nearly 
equal to it in size. Nevertheless, the two projections 
are described in the sarm^ interval of time by the spot. 
The latter appears, therefore, to be moving* much more 
r^q)idly at the ceiitri* than it does near the edge of the 
disc. Tin? ratio of tlie apparent velocities is easily 
calciiilated ; and it is found to he exactly what geo- 
metry rtMjuires in the liypotliesis of an uniform rota- 
tion. What occurs with a solar spot is then quite 
agreeahl(‘ to the law's of perspective wlam we consider 
a spluvre endowed with a rotatory motion around an 
axis terminating in two poles, the direction of whicli is 
invariahlo. 

Thti fact is, therefore, beyond all doubt. ♦The Sun 
turns upon itstdf, a.nd the direction of the rotation is 
from right to left for an obseiwer whose feet are upon 
the plane of its (xpiator, and whose face is turned 
towards tla? northern hemisphere of the Sun. This 
is also the direction of the rotatory and translatory 
motions of the Earth, and of all the other planets; 
it is characterised hy saying that they all turn from 
wOvSt to 

* When lookin';- at the Sun the ohserver’s face is turned 
towards hivS southern iiorizon, and, eonsequentl}", the rotation 
appears to him to \K\fram the edge of the disc on tJie eastern 
side towards the wesloru edge. Tliis is tlie direction indicated 
by the arrows in the Hgures 21, 22, and 23. 
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The apparent period of a spot’s motion is the in- 
terml which elapses, for instance, between the moment 
at wliicli the spot passes tlie centre of the disc and 
the moment that it returns to the same point, for an 
observer upon the Earth. We shall see presently that 
this interval varies according to the latitudes of the 
\'arious spots calculated from the Sun’s ecpiator. This 
(ixplains certain discrepancies in the numl)er8 found 
by astronomers who have det(n’mincd this motion at 
various periods. Cassini gave the period of apparent 
rotation as 12‘‘ 20’"; Lalande, as 27*^ 7‘‘ 37‘" 27"; 
Laugier, as 27"* 4^ on the average. 

But the real period of rotation is shorter than the 
apparent period, and the cause of this difference is 
found in the translatory motion of the Eartliiround 
the Sun. In fact, if we suppose, for a nioment, that 
the Earth is fixed, the time whicli a given spot wovdd 
take, independently of any proper motion it may have, 
to return again to the editre of tlie disc, would, of 
course, he exactly that which the Sun takes to turn 
upon itself. If, on the contrary, the Earth ran 
through its entire orbit in the same interval that a 
spot takes to accomplish its rotation, the direction of 
both motions being the same, it is evident tliat the 
observer would accompany the spot, and that the latter 
would appear fixed upon the solar disc. 

It is lictween these two extreme suppositions that 
the truth must be sought. Whilst the Sun performs 
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one eutire rotation tlie Earth ad\ ances iu itts orbit in 
tlie same direction as the Sun turns. The spot which 
we supposed at the centre of the disc, when the ob* 
servatiori was begun, comes back again to the same 
position on the surface of tlie Sun, but tliis position is 
no longer the centre of the disc ; it is to tin^ W(^st of 
tliis centre ; a certain interval of time is requisite for 
it to ajipear again at t.he apparent centre of tlie disc, 

during whicli the 
Earth its(*lf ad- 
van(‘(\s still inoin* 
along its lubit: but 
it is not difficult 
to deduce tin* pe- 
riod of real rota- 
tion from tliat of 
tlie apparent rota- 
tory motioii. 

J^et a (fig. 22) 
represent a spot 
seen in the centre 
of tlie disc by an 
^ observer placed on 
- - - - the Earth at T. In 

Fiif. 21— DifIVrcnce bt I wct'U the interval ortbe Ap- ^ litth* lUOre tluiU 
parent aiul the real rvtitUm of a Solar St»ot, 

27 days the spot 
will hav<^ desc:'ibod an entire circumference aha^ plus 
an arc aa\ and it appears again to occupy the centre 
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of the disc for the i)l)server wlio is now at T'. Tlie 
whole (jiiestioii resolves itself into ascertain in*>’ how 
many degrees, minutes, and seconds, art* contained in 
this arc aa\ Now this arc has the same angular 
value as the arc of the terrestrial orhii represented hy 
TT', which is nothing more than the ciairse made hy 
the Earth during one rotation of tlie Sun on its axis. 
Thus tin? spot is seen to describe an entire eircum- 
ferenc(‘ phij^ a certain number of degr(‘es etpial to the 
(‘xtent of the said course travelh^i over by tla.^ Earth, 
which is well known. 

A very simjde calcidation shows that the real 
duratit)n of tin.* Sun’s rotation is about /e^o day.H less 
than its appar(‘nt period. A spot which t,ak<‘s 27‘* 4*’ 
to come back again to the centre of the disc gives for 
the real period of the Sun's rotation 2.V‘*34, or 8'’. 


§ 3. KlEMKNTS of THK IJoTATOIlY M.OTION. PoLKS AND Egl AToK 

OF THK Sun. 

< Joiirses of the Spots ; at what PcrioclH of the Year they appear to 
be ill straight lines. — Nodes <»f the Suirs Ivpiatru*. 

Astronomers fiossess certain exact methods for de- 
termining the successive po.sitions of a solar spot, the 
position of the axis of rotation, and, consecpiently, that 
of the poles and erjuator of the Sun, 

If the axis were perpendicular to the plane of the 
ecliptic, or the hearth’s orbit, the plane of the Bun’s 
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e<juator would coincide with tlie ecliptic, and we 
should always st^e the spots travelling in straight lines 
across the disc, parallel to the ecliptic itself. But 
observation proves that this is not the case, for tlie 
courses of the spots vary with the period of the year, 


Febm-iry. 


March. 


4 June. 





it Dt'ceinlier. 


Fi>(* 2.3 — Oircctioii of tluj Courses of Sun Siwts at v.arious periods of the year. 


and app(;ar sorn(*timea as curves, the convexity of 
which is above, sometimes with the convexity below, 
or as straight lines, which are not parallel to the 
ecliptic. 

According to Mr. Carrington, tlie solar equator is 
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inclined 7^ 15' on the plane of the Eartli\s orbit, .so that 
the line of the poles forms with this plane an angle of 
82^ 45'. It results from this tliat the Kartli in its 
animal course is sometimes above the plane of tlie 
Sun’s e(juator; and tlien we see the spots descri}>e 
ellipses, the concavity of which is tiinuul lowaials tln^ 
northern pole of the Sun, and sometimes below it, 
when we see the Sun's southern pole. In the latter 
case, the spots describe tdlipses, the concavity of 
which is turned the opposite way. In two points of 
the Eartlrs orbit, diametrically opposed to ea.cli otlier, 
our globe is in the plane of the Sun’s equator, and 
these points are called mx/c.s ; one is the ascending- 
node, the other the descending node.^ At this ])eriod 
the courses described by the spots appear to bir 
stniight lines, but incliiuKl in contrary dir(‘ctions. 
This occurs about the 4th June, and between the 
5th and (>th December, when the Eartli passes the 
nodes of the solar ('(juatiu and the spots carried along 
by the Hun’s rotation appear to travel in straight lines 
across the disc. Therefore, from June to Decianber 
the courses of the spots form concave lines towards the 
north pole of the Sun, and from December to June 
they appear concave towards the soutliern pole. 

* According to Mr. Carrington, the longitude of the asceiid- 
ing node of the solar e.qimtor is 73'^’ 40’ (1850). The Earth 
passes this point on the 4th of June. 
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§ 4. Vakiatioxs jx thk Peuk)i» of tmk Sun’s Kotation in 

].) IFFKRENT L AT I TU I UCS. 

Proper luotloiis of Sun-spots — Diilcreiice between tlic perio«l 
of their rotatioriH ucfording to their dlstfinee from tlie 
Sun’s Kipuitor — Observations made by Laugicr, Carring^toji, 
and Sptorer. 

If, ils wc li.TV(i slat 0(1 al)OV(‘, the rotation of the 
Sun as (.hulueed from the observat ion of tluf spots on its 
disc were pcrfiictly uniform, tlu‘ calculation of its real 
period would always hmd to the sann' tigun', unlcNss tlie 
spots W(n'e endow(.‘d witli some (h^gree of proper motion 
along Hue suriketj of tin? disc. Now attentive and 
prolougv-d study of these moveimnits sltovvs that, things 
are not so al)solut(dy regidar as one might suppose. In 
tin* first place^ the sj^ots changes tludr forms, their di- 
mensions inerease or ditninish sometimes, whicdi cir- 
cumstance aloiH^ would suffice to introduce certain 
differences into the calculations of their positions. But 
it was c^arly susptaded that, besides their internal 
changes, the spots did not adhere firmly to a fixed and 
invariable position on the Sun’s surface; that they 
liad wliat is called a certain d('gr(*e of proper motion, 
distinct from the general rotatory rnoti(.»n of the Sun 
itself which carries them always witli it from west to 
east. 

It results from a series of V(?ry minute observations 
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inmie by M. Lankier that not only do difFeront 
give a notably different value for the Sun’s rotation, 
but that th(i same spot observed at various poriotls of 
its raovf'inent offers similar dis<Tcpnncies, thougli not 
to such a considerable extent. Twenty-nine spots rhus 
observ(Kl gave as the mean period of a rotation 25^*34 ; 
but the extreme periods observed oseillat(‘d ])et\veen a 
maximum of 2()‘^*23 and a minimum of 2')‘**28. Tlie. 
same spot gave*, as the (*xaet value of the Sun’s rotation 
numbers wliieli varied to the extent of two to live 
hours.* 

This evidently proved that tlie spfds \u\iv. (aidowed 
witli a motion of tlieir own, a fact which l>e('a.rne still 
more certain when the variations of distance between 
two spots near to each other were measured. Thus it 
was that M.Laugi(*r fouud for tlic velocity of the proper 
motion of a spot on the Sun’s disc 111 metres (121 
yards) per second. 

A fact of vc'ry great iinjwrtance which is in accord- 
ance with tlie preceding obst^rvations, avuh r(‘cently 
brought to light by the Knglisli Astronomer, ]\Tr. (Bar- 
rington. lie concluded from a continuous series of 
observations of solar spots, extending over a period 
of 7 I- years, that the spots are not all endowed 
with the same angular velocity of rotation ; this 

[* This is a very coijsi<lerablc rlififerencc in astronoiuy, for 
at the presf‘iit day observations can be made, according to M. 
Faye, to within 1-lOth of a second. — P,] 
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velocity varies with the position of the spots with 
repfard to the Sun's equator, i.e,, with their heliocen- 
tric latitude.* 

In general, tlui nearer a spot is to the equator tluj 
more rapid is its rotation ; the higher its latitude, the 
slower ils motion. This variation, nev c^rtheless, follows 
a n^gular and continuous law. We shall see, later, 
what oonse(juonce-s have heen deduced ftorn this fact 
with regard to the physical constitution of the Sun; 
in the m(‘antiine here are some rostilts oltained by 
Mr. (Barrington :t" ~ 


Rotation of tJa’ i^iin at Dlffrirnt J.afltfotrs. 


Northern hatitinie. 


Period of tin 

‘ ll(.)tatioii 


.1 

(i 

Ij 

ni 

ore 

27-445 

or 27 

10 

41 

50« 

20-2n7 

— 26 

11 

46 

20^ 

25-714 

— 25 

17 

8 

15“ 

25-582 

— 25 

9 

10 

1(C 

25 115 

— 25 

:i 

29 

f}' 

25-029 

— 25 

0 

42 

Equator 0“ 

24-915 

— 24 

'■jt 

11 


* Tlic Goviuai) aslrontancr, ilerr Spo'rer, arriMil iiulfpeu' 
dently at tlio saino ooiu-lusion. 

f Tlio (Iclails of tht*so t>l>sc*rvatious are cotilitiiK-tl in a splen- 
did work ]>nl)lislu‘d in 1865 entitled Observatioiis oi'tlie Spots 
on the San, from Nov. 1>. 1855, to March 24. 1861, made at lied- 
lull by Kichani Christopher Carrington.'’ The Paris Academy 
of Sciences awarded its Lalande prize to this work in the year 
1804. 
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Son! hem Latitude. Period of the Kotatioii. 


tl cl h in 


5" 

24-971 

or 

24 23 

18 

10° 

25-2a:5 

— 

25 5 

35 

15" 

25-57a 

— 

25 13 

:u 

20° 

25-745 

— 

25 IT 

62 

;K)° 

20-535 

— 

20 12 

50 

45° 

28-45^ 

— 

2H 11 

0 

As a conse({ lienee 

of the 

rotatory 

motion 

of tin 


8un tiroiuid owo of its <liairK*t<*rs tlie form of its ^IoIh^ 
nniKt be tliaf of iiri ellipsoid, flatt(m<‘d at, tlic poles, or, 
in other tonus, swollen at ilio (‘(piatorial regions : this 
is a ruwssary etfeet of ilu' eontrifiigal for(?{\ We know 
that the p]a,rth lias a similar .s]ia})e, and so liave tln,‘ 
planets Mars, Jupiter, and Satnrn. N<*v(at1icless, it is 
impossible to d(.‘t<^et any appreeiabl(^ diffen^nee in the 
diainet<‘r of the solar disc. The rea^son of this lies i;u 
the prepond(‘rance of gravitation over eenirifiigal force* 
on the 8nn, as we liavo alr(‘ady seen, the latter force 
b(‘ing comparatively small with a rotatory motion so 
slow as that of the Sun. 

We must not forget , however, when speaking of the 
slown(^.ss of this rotation, that angular velocity is meant. 
The real velocity of a jxunt u])on the Sun’s surface is 
something very considerable, for it travels no less than 
2200 yards per second; this velocity is nnilly, then, 
about 4-1 times greater than that of a point u]>on the 
Earth’s equator. 
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(rilAlTEK V. 

Tut: Stn in the Sidekeae World. 

§ 1. Thk Sex IK A Stau. 

'riic Suti an from Xrptm^e, from the Hmil^ of tlio planetary 
world — Us apparent at iLo <liHfanc<* of (Ijo Eixod Stars^ 

at tlie distaiHM' of Sirius — (liemical constitution of Stars 
similar to that of the Sun — The Sun is a Star of inodenite 
sizt*. 

Let rs inmo-ino die Smi romovtal far away intr> tlio 
iv^ions of sj)ac(‘ fuvtln'r aiul further from tl»o Earth. 
What would it ap|>(‘ar like to the inhahitaiits of our 
p^lohe ? 

As it travelU'd fartluTand fartluT from us we shouhl 
observe its appan'ut diameter dimiuLsh without iiotitdng' 
any diminution in tlie intrinsic intensity of its lio-ht. 
At the confines of the planetary system, at the distance 
of Neptune, its disc would he seen under an angle 30 
times less tlianthat wt‘ now observe, the mean value of 
which is 32' 3"d) ; there it would he roduced to l' 4"—- 
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still a very appreciable diameter. As to the intensilv 
of its ])eat and tlK>u«»h reduced by a tlioii.-aiid 

times, it would still surpass to an enormous extent tliat 
of the most brilliant stars, for the li^>'h1 of tlie Sun 
illuminates the Earth with a force ecpial to that of 
tvvtiity-t wo tlamsand millions of stars similar to the 
star (’(‘iitauri, which is of the first magnitude 

(.1. ner.sch(4). 

If it continued to travel still farther fj'om us and 
])enet]ated beyond the limits of the j>ljuietarv world 
wliich it warms and lights until it arrived at a distance 
comparable to tliat of the neansst lixed star, its appa- 
rent diameter would tlam b<* reduced to h‘ss thanO''*OI, 
and the Sun Wv)uld almost iinpen^^ptihle to us. The 
most perfe('t tuicromeler in tlie ))est of telescopes would 
not <‘riable us to nuiasure its diuumsions. At a distance 
coiT<‘sponding to a ])aralie] of l'\ wlu’ch is etjuivalent 
ti> 2()(),(K)0 times its actual distance fr<uu the Kartb, 
tin* cxtiiKdioii (.)f the Stin's liglit would be such that it 
would appear to us, at most, like a star of the tirst or 
second magnitud<^ Its brilliaucv diminished according 
to the sijuare of the ilistanct' would Ik* reduced the 
42,50t),()(HM)()(»th part of its actual valm*: tiiis would 
make it about lialf as brilliant as tlie star Alpha < Vn- 
tauri. The bnlliaiicy of Sirius is estimated to l)e about 
fair times that of the latter; so that were our Sun 
transported to the distance of the lUKirest tixt*d stars, it 
would appear eiglit times less brilliant than Sirins. 
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What would it he if it were removed to the disstaiice 
of Sirius itself, wliieli is about six times as considerable 
as that which we just mentioned? The extinc- 
tion of its li_<(])t would be <»f course 36 times greater, 
and in fact Sir John flerschel considers ihe intrinsic 
brilliaiU'V of tlit‘ star Sirius to be 225 tiines greater 
than that of tl»e Sun. 

St(‘llar photometry, or tlie comparative study of 
the luminous intensity of the stars, is still in a very 
im]MU'fect state, and the numbers we have just given 
<lo m>t posst‘ss a very gn^at ch^gree of precision. Tin y 
suthcf*, n(‘veiih(d(‘ss, to rendta* most evident the fa(‘t 
that our Sun in t])e sider(‘al vv(*rld would only figure as 
H star-- a- star of ordiuurv size. Ou tlu^ otlier hand, 
the ahov(‘ considtTations oblige ns to eonsider the stars 
as indepiaident. sourcH's of light. The (‘iiormons dis- 
tance at wliich th(‘ near(‘st of them shine r(*nders it 
ini])ossible that they can be lighted U]> by borrowed ur 
reHecte<l light, Tiiev are Suns like our Sun, so that 
we (-an say, if we please, that the Sun is a star or that 
the. stars an? Suns. 

Tlu'se views, which throw so nmch light on tlie 
constitution of the universe, have In'cn recently con- 
tirmcil by (*om[>aring stellar light with that of our Sun. 
The method known to physicists as ‘‘spectral analysis'' 
enables us to classify the various sourci^s of light 
according to the nature of the spectrum wliich they 
give when tins light is decomposed by means of a 
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prit^in. We shall see further on wliat is the ca- 
tion of those dark lines which are visible in the solar 
spectruiii ; how they point to the iirost nce of certain 
eleiiK^ntary bodies^ metals or metallohls, which exist in 
the atinos}>herc‘ of the Sun in the state of incandescc'nt 
vapour. 

Now when the spectra of the stars are studit‘d in 
the same manner — aluuit sixty th(‘ n\ore brilliant 
only have as yet been submitted to this kind of exami- 
nation — we find a certain similarity of const itution 
existing' ainongf them all, and a certain n^seniblance to 
our Sun. 4'he dark rays which are seen in tluar 
spectra indi(^a.t(^ that starlight passe.s also through an 
absorbing layer of incandescent metallic vapotir before 
issuing into the depths of space; hut the eheinical 
sid)stanccs w hich characterize each of them varies from 
one to the otlier : s(Klium and magiH'sium exist in a 
great number; iu otbens wa* find liydrogcm, iron, bis- 
muth, mercury, <\ic. 

Tlicrc exists doubtless in these distant worlds an infi- 
nite variety. Tlieir real dimensions^ be intrinsic brilliancy 
of their light, their eidours, thtar chemical nature, and 
the number of su])staiices <d‘ whicli they are composed, 
Tiecessarilv vary exceedinglv. Ihit one fac-t remains 
er^rtain, namely, tin* great analogy which eunnects them 
W'ith our solar worhb l)o(‘8 there (!xist around each 
star, as around tlie Sun, a planetary system, witli 
planets, satellites, and comets ? This is indeed highly 
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but their distance, from us is too c^ormou 
to allow us to indulge in the hope of ever rerifying 
such a conjecture by means of direct observation. It 
is quite certain that an observer placed upon any one 
of these stars which shine in the depths of the firma- 
ment, and looking in the direction of our world — Sun, 
planets, satellites, &c. — would see it like a single star, 
in the midst of a multitude of other stellar points. 


§ 2. The Shn is a Stab in the Milky Way. 

Wliot is the position of the Snn in the world of stars — The 
Milky Way ; its form and constitution— The Sun is a Star 
in the Milky Way ; its position in the Nebula, according 
to Herschel. 

"What is the position of the Sun in the sidereal 
universe ? As it is one of the stars which comprise 
this universe, has it not some connection with any of 
the others, with regard to its situation and its move- 
ments ? Does it not form part of some of those groups 
of stars whidli the telescope reveals here and there at 
infinite distances in the depths of space ? 

It is certain that a considerable number of stars 
aie not completely isolated* Among those which 
single to the naked eye, there are thousands 
show themseh^ double or triple stars when 
saeil with a telescope. And this is not the 

of i^rfipeetive, for in many of the doubfo stto it 
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has been found that one moves or revolves round the 
other. Moreover, we know that a great number of 
those little celestial clouds, called. to, are nothing 
else than an agglomeration of multitudes of stars whose 
enormous distance from us causes them to appear con* 
densed into a comparatively small space. Is our Sun 
not one of the stars of such a group ? 

Since the time of William Herscbel science has 
replied to this question in the affirmative. That great 
astronomer, that laborious and sagacious observer, de- 
monstrated a fact which had already been hinted at by 
Kent, by Lambert, and by several other philosophers : 
namely, that the Sun forms part of that immense 
stellar agglomeration known as the Milky Way. 

That great zone, indeed, is seen spread over the 
background of the heavens nearly in the form of a 
great circle of the starry sphere ; if we put aside certain 
inequalities in its form, and certain inequalities in its 
width at various points of its periphery : it divides the 
sky into two portions, which are not absolutely of the 
Same extent, the smallest half being that which contains 
the constellations Pisces and Cetus, that is, the con- 
stellations near the equinoxial point of spring. 

Thus, already, it is evident from the general ap- 
pearance presented ,by the MUlky Way that it every- 
where surrounds the spot which our world, and conse- 
quently the Sun, occupies in space. 

To the naked eye, and to the eye^ armed with a 
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telescope, the Milky Way does not appear to possess in 
all its parte the same degree of brilliancy. The nebu- 
lous background of which it is composed presents 
various degrees of intensity, and as this appearance is 
owing to the agglomeration of multitudes of very small 
stars,* this condensation is very irregular in the various 
portions of the 2one, 

In order to study the comparative richness in stars 
of these portions, Herschel applied his well-known 
method of gauging the Milky Way, which consists in 
counting the number of stars visible in the field of his 
telescope as, carried along by the diurnal motion of the 
Earth, it passed successively over the various regions of 
the zone in question : he employed in this research 
more and more powerful instruments, having, as he 
observed, more and more power of penetrating into the 
deptlis of space. In this way he discovered that the 
extent of the Milky Way increased as the power of his 
instruments increased, and^that in many points it is^ 
impossible to fathom it ; its small breadth compared 
its other dimensions shows that it is formed of a l»y^^ 
of Suns distributed in irregular heaps, and comprisedT 
between two planes nearly parallel one to the other, 
which gives to the entire figure the appearance of a 

» 

[* Wt know not on whnt authority the antbor makea oae 
of th« aapreaaion “ very amall atani " ; it ia certain that they 
i^paar very amall to us, and he evidently olkdes only to their 
amMuceat «iae.~P.] 
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flattened miUnatoney split into two portions throughout 
nearly one-half of its circumference* 

It is about the centre of this gigantic agglomeration 
of starS| about the middle of its thickness, and near to 
the region where the separation of the aone into two 
layers or two principal blades occurs, that our little 
solar world exists — our little world, whose dimensions 
appeared at first so enormous, which was reduced, by a 
glance at the stellar world, to a star of the second or 
third magnitude, and which we now perceive to be a 
mere atom of luminous dust in the region of the Milky 
Way. 



rig. of Um San i» the Milky Wnjr. 

The po8i^oi\ of the Sun in this tone accounts for 
the general aspect presented to us by the stany^rma- 
tami, and shows betddes that all the stars dii^rsed 
^ere and there, apparently so for from this great nebula, 
in realky form pert of it 





when from the point 8 where we axe 
litttated, we look in the direction of the length of the 
stellar stratum 8 f (tig. 24), we meet with, so to speak, 
indefinite layers and clusters of stars which give to the 
Milky Way its density and its maximum of brilliancy. 
If, on the oontraiy, the eye looks in a direction le^s 
and less inclined such as 8 a, the visual ray traverses 
strata rapidly decreasing in thickness, and consequently 
the density decreases with great rapidity. Finally, in 
the direction 8 b, perpendicular to the thickness of the 
aone, the stars appear dispersed, as they really do in 
those parts of the sky which are most distant in appear- 
ance from this great nebulous zone. “ Just as we see,” 
says Sir John Herschel, in his OuUinea of Aatronomy, 
a sli^t haze in the atmosphere thickening into a 
decided fog-bank near the horizon by the rapid increase 
of the mere length of the visual ray.” 

Fig. 24, which represents, according to William 
HerscheFs views, a section q| the Milky Way, perpen* 
(^cular to its thickness, and along its greatest diameter 
which passes through the spot occupied by the Bun, 
renders the foregoing theoiy easy to realise* With its 
help we may account for the rapid decrease in the 
immher of stars in those regions whiqhi sides 

of ih%Milky Way, extend as lix as the two poles of 
tl^.gneat circle formed by this vast nebulous xom* 
fhesO^ nre situated, the north pole near tiie eon*^ 
Coma Berenices, the south pole in the con^ 
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st^Uation of the Whale (Ceftue), When from one of 
theise pointe we advance progressively towards the 
Milky Way, tlie mean number of stars increases, at 
first rather slowly, then, in the vicinity of the galactic 
plane, with very great rapidity, so that the number is 
about thirty times greater in this plane than in the 
polar regions just mentioned. 

Up to the present moment we have obtained but a 
general notion of the form of the Milky Way, and of 
the position which our Sim occupies in the midst of 
this immense nebula. To give a more complete idea 
of what is known regarding its structure, we must say 
a few words about its real dimensions. 

On comparing the photometric brightness of stars 
of diflferent magnitudes, with their probable distances, 
William Herschel arrived at the most astounding con*» 
elusions with regard to the dimensions of the Milky 
Way, 

Stars which are visible to the naked eye include 
those comprised between the first and sixth mi^nitudes, 
as in well known. The illustrious astronomer of 
Slough supposed that, on an average, those of the 
sixth magnitude — L e* the smallest that the naked ^e 
can discern — are twelve times more distant than the 
of the first magnitude. Taking this as his start* 
and ealenlating the penetrating power of 
hie t^esoopes^ be arrived at tliis result, namely, that 
he could observe in the depth of space stars which are 
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jaitmiitM at a distance 2300 times greater than tJie 
mean distance of the stars of the first magnitude. 
Moreover, Herschel recognised that the visible extent 
of the Milky Way, in some regions, increased with the 
power of the instrument, but there even his great 
4'>-fe6t telescope did not enable him to reach the 
limits of the vast nebula which he therefore declared 
to be unfathomahle* 

Now when we remember the enormous distance 
which separates us from the nearest star to our world 
— Si distance which light itself takes years to travel 
over — we are led to the wonderful conclusion that the 
Milky Way, in the direction of the most distant re- 
gions accessible to our view, can only be completely 
traversed by a ray of light in an interval of time 
upwards of 10,000 years. Thus, when we place our 
eye to the ocular glass of the most powerful astrono- 
mical telescope, and perceive on the dark background 
of the sky faint, luminous points, we receive upon our 
optic nerve tlae impression of an undulatory vibration, 
which was set in motion at least 10,000 years ago by 
the incandescent matter of Suns, similar to our Sun, 
andlbnning part of the same sidereal group. 

' Odeulating the thickness of the Milky Way firom 
its apparent breadth, Herschel arrived at the eondu- 
eiou that it wafe 80 times greater than the distance 
of stars of the first magnitude. Thus, tlie <e^arry 
grei^y surpasses, even in this dired*i<m, the 
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limits of our sight* Whence it follows, as Stwe 
has remarked, in his Etiuka d'Aat'i'onomie StMaire^ 
and as we before observed, that ^<not only our Sun, 
but all the stars that we can see with the naked eye, 
are deeply plunged in the Milky Way, and form an 
int^al portion of it” 

§ 3.— Translatoey Motion of the Sun in Sface. 

Opinion of Lalande on the probability of the Sun’s Tran si atory 
Movement ; connexion of this Motion with its Botation.**— 
Lambert’s Views,— William Herschel solves the Problem ; 
point towards which the Solar System Travels.— Universal 
Motion. 

Thus we are not only made aware that the Sun is 
a star, but we can fix its position in the sidereal world : 
we find established with certainty that it forms part 
of the immense agglomeration of stars, star-clusters, 
and nebulae, which is known as the Milky Way, 

It remains for us to inquire whether our sokr 
system is still, or endowed with motion in the midst of 
this infinite dust of stars. 

We diready know that the Sun rotates upon its 
axis. Now this fact alone would prove suiBeient, had 
no direct means of observation, to render it pro- 
bable that the Sun had a translatcry movement in 
space, whieh> we are going to show, is really an estab- 
fac^ 48 early as 1776 Lalande suspected 



sueh a Ktovameat, and diowed its necegsarj 
;^jftd coane^don with the rotatory motion. He 

tJitia expresses himself in his Encyclopkiie Mitho^ 

* The rotation of the Sun indicates the existence 
of a translatory movement, or that the Sun travels in 
space, which will probably be recognised one of these 
days as a very important fact in Cosmology. Eotatory 
motion, considered aa the physical effect of any cause, 
is produced by an impulsion communicated from with- 
out the centre ; but any force applied to a given body, 
and causing it to turn on its axis, cannot fail to carry 
the body along, and it is impossible to conceive the 
one without the other. It is, therefore^ quite evident 
that the Sun must reaUy move through absolute 
space ; but as it carries along with it the Earth, and 
all the other planets and comets which revolve round 
it, we cannot perceive this movement unless, after a 
lapse of centuries, it be observed that the Sun shall be 
found to have approached nearer to certain fixed stars 
than to others situated in an opposite direction. In such 
a case the apparent distances of the various stars &om 
i^ach other will be found to have increased in one 
direction, and to have diminished in another ; and this 
will teach us in what direction the Solar system is 
tfftV'MIilxg through space* But observations made on 
this huad date firom so short a period, and the distance 
of the ilaim is so great that it will be a time 
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before we shall be able to determine the quantity of 
this translatory motion.’ 

Fontenelle, Rradley, Tobias Mayer, and I^ambert, 
had also conceived that the Sun was endowed with a 
movement of translation, but without promulgating 
their notions in such precise language. * Every 
fixed star,’ says Lambert in his Lettres CosmologiqueB^ 
‘ has its orbit traced out for it in the regions of 
space, and it describes this orbit carrying with it 
its hosts of planets and comets. If we could de- 
monstrate that all bodies which turn upon themselves 
must necessarily travel along an orbit, it would be 
no longer possible to deny that our Sun travels along 
with the latter kind of motion, since it is found to 
possess the former. It appears that the mechanism^ of 
the world demands the connexion of these two kinds of 
motion, though we do riot distinctly see the cause of 
it. It is, nevertheless, certain that the Sun travels 
Speaking a little further on of the proper 
motion of fixed stars, he adds: ‘As this apparent dis- 
placement of the fixed stars depends upon the move- 
ment of our Sun, as well as upon their own proper 
motion, we should have here, in all probability, a 
method of finding out towards what region of the 
heavens our Solar system is travelling. But what a 
£mgth of time would have to elapse before we could 
know the period of the Sun’s rotation I Would a 
platonic year— 26^000 yearsr^uffice It may be tlnrt 



duriug that space of time the Sun only passes through 
oue sign of its zodiac V 

In all this we have merely theoretical conjectures ; 
it was reserved for William Herschel to verify them 
somewhat by the aid of actual observation, and this 
was, doubtless, more difficult to do than to imagine 
the foregoing speculations, liowever sublime and in- 
genious they were for the period at which they were 
enunciated. 

What was required to be done ? To unravel and 
distinguish in the midst of the appa’-ent or real motions 
which affect the stars, the general movement, that 
must be produced to an observer upon the Earth, and 
the supposed displacement of the Solar system in 
space, a movement totally unknown. The precession 
of the equinoxes, nutation, the annual course of the 
Earth round the Sun, the aberration of light, are so 
many causes which modify in one way or another the 
positions of the stars, once calltW ^ fixed,’ on the vault 
of the firmament. Each of them has, moreover — 
according to all probability — a proper motion, as we 
have actually proved to be the case for several of them, 
indicating a real translation through the regions of 
space* Let us imagine that we luui determined the 
effects due to each of the above causes, and ascribed 
to them their true values, and then that we subtracted 
them from the total movement of celestial bodies, what 
would remain ? Nothing at all, if the Sun were quite 
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immovable ; but if, on the contrary, it is carried along 
through space, with all its hosts of planets, towards 
some region of the heavens, we should obtain a certain 
remainder; we should have for residue of all those 
apparent or real motions a certain amount of general 
motion* In the direction towards which the Sun 
advances along the stellar planes the stars would 
appear to become more distant from each other; their 
angular distances would increase as the Solar system 
approached nearer to them, wliilst on the opposite side 
we should observe them to converge, the stars would 
group themselves closer together as we travelled further 
and further from them. 

It is thus, in fact, ihat a traveller advancing from 
the centre of a vast plane towards one of its horizons, 
sees all the objects before him in the distance getting 
further and further from each other as he approaches 
them, whilst those he leaves behind him appear in 
like manner to close up to one ant>ther by a natural 
effect of perspective. At each side of him the trees 
appear to move in an opposite direction to that in 
which he travels. All these apparent motions, however 
various in direction, are intimately connected with the 
direction and rapidity of our traveller’s course, so that 
if he did not know what road be was taking, the corre- 
ktion of all these movements would enable him to find 
it out. 

But though the problem from a theoreticid point 
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vi^ so simple, it is otherwise when we 

eome lb solve it by direct observatioii ; them feSeed^ 
it bournes a vfry complicated and difficult om With 
Urn usual bolduess and perseverance, William Hersdiel 
^ppled with it, and in 1783 he actually announced 
that it was solved, or at least roughly sketched. Me 
concluded, from the careful examination of the proper 
motions of a small number of stars, that the Sun 
travels towards the star y of the constellation Hercules 
at that period in a point of the heavens corresponding 
to Eight Ascension 257°, and North Declination 25°, 

Fifty years later the distinguished Prussian Astro- 
nomer, Argelander, took up the question again with 
the aid of more numerous and more precise data, to 
determine the exact point of convergence. Then Otto 
Struve, Grauss, and GaUo|iray, followed up the subject, 
and their researches confirmed those of Herscheland 
Argelander. The combined results of Stmve and 
Argelander gave for the pWnt in question for the 
year 1840,-^ 

R. Ascen. • . . 259" 35'-l, 

North Declin. . 34° 33'*6* 

Stmve succeeded^ moreqv^, in determining the 
veiq^iity of the ttanslafeory moticm. Seen in fropfc from 
; a equal to tlie mean distance of one of the 

the course described % the ; 
' Sun''':lp;-oue , J^r ^ have.'van' equals 
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bo 0''‘^34 (34-lOObbi of a Bccond), vhich is a^vatest to 
timOis the meaa tadios of tfae Earth’s orbit. 

To leoi^italate: < The morement of the Si^ac 
S 3 (Stem through i^iaoe is directed towards a point of 
the celestial vault situated on the right line whidt 
joias the two stars of the third magnitude r and (a of 
Hercules, at one quarter of the apparent distance of 
these stars from each otbOr, starting from t. The 
velocity of this movement is such that the Sun, with 
all the globes which depend upon it, advaoees in this 



Fig. BtHkT^ns ifrairnrdi i|M S«m in Its 

motitm throtxgli upMufr 

direction at the rate of 1623 times the ksigCh of 
tha raditis of our orUt (160,000,000 miles), per 

T3»s is a vdodty of about 412,000 miles per diem, 
or twady 6 miles per secimd. 

H 
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int^B He set' tbftt direct observation has cmee more 
legitimised the inductions of theory. The reality 
of this motion, by which the Solar system is carried 
along in the depths of space, is proved. It still 
remains to be known what the nature of this motion 
is— <-whetfaer the Sun moves periodically around some 
unknown centre, if it forms part of any particular 
stellar system, some fragnfent of the great system of 
tile Milky Way, or if it is the satellite of some other 
Sun. Perhaps its motion is merely the effect of the 
perturbations which it experiences from the stellar 
masses which surroimd it everywhere at unequal dis* 
tanoes, and which are distributed irregularly in space. 

In the first hypothesis— >that of a periodic motion 
— the right line which represents the Sun’s course 
towards Hercules is only a limited portion of the 
Solar orbit, and all that can at present be concluded 
from it is that the unknown centre around which it 
moves is at right angles to thds line. In the course of 
several centuries it will perhaps be possible for astro- 
nomers to determine the curve of the orbit, by noticing 
a tihaage in the directico) of the Sun’s path, and so 
acquire some idea of the distance of the orbit’s focus. 
By studying the proper motions of the Sun and stars, 
as jif they had a common focus, Argelander has ex- 
amined the degree of ftrohability presented by the 
hj^mtbssis that the oonstdlation Perseus would he 
the fegaend centre of thmr gravitatioa. Msedlnr re- 
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gards Alcyone, the most brilliant of the Pleiades, as the 
central snn, arotmd which our Sun oscillates,* and the 
Pleiades themselves as the group whose mass deter- 
mines the motion of our solar system. These specu- 
lations, though they are but conjectures, are interesting, 
inasmuch as they act as points to which further in- 
quiry may be advantageously directed. 

The discovery of a proper motion with which our 
Sun is found to be endowed completes the analogies 
which bind it to all other known stars ; for as sidereal 
astronomy progresses, the number of stars whose 
motion is perceptible increases, and we are forced to 
the conclusion that everything in the Universe is in 
motion, that nothing is still, or in absolute repose 
the immensity of the distances only give an apparent 
fixity to this multitude of celestial bodiea which shine 
with sufficient brightness to cause their light to reach 
us. Nevertheless, years — thousands and millions of 
years — have elapsed since the vibrations of their sur- 
faces occurred, which cause the impression of light to 

♦ [Ths opinions of Astronomers generally are in favour of 
Baron Mmdler^* supposition, hut much unoertaiiity must, of 
course, prevail with regard to this portion of our subject*— P*] 

f See a paper on the Movements of Plants, by Dr. T L. 
i^pspn, In * Macmillan's Magazine* for October 1864, in which, 
ffie Author arrives at a similar conclusion in considering the 
oigjanic world, and where he makes use of the sentence 
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}>e felt by us, and the motions which we at the 
present time detect with so much difficulty, hme been 
accomplished long ago. 

As to the course in which we travel through space, 
it is probable that we shall never know it with ab- 
solute accuracy ; and the same may be said of all the 
globes of the Solar world. The Moon circulates 
round the Earth, but the ellipse which it describes is 
only, as we have seen it, a relative motion, for the 
Earth also revolves round the Sun; and even if we 
suppose the latter to be immovable, it is, nevertheless, 
true that our satellite describes a curve of .various 
inflections, a species of cycloid which planetary pertur- 
bations render still more complicated. But since the 
Hun itself moves along also, the curve of the Lunar 
orbit is carried on with its motion, and its absolute 
figure in space is still more complicated. Who knows 
where this tangling of intricate curves, this combina- 
tion of orbits, the last of which may \)e only apparent, 
really ends? The Sim exists in the Milky Way, 
whieli appears to lie an agglomeration of world- 
systems, and it is possible that it forms part of one 
of these systems ; but the collection of stars of which 
the latter is composed is influenced by the attractive 
forces of all the others, and the result is, doubtless, 
a general motion directed, perhaps, along the major 
axis of the great nebula. The Milky Way itself, with 
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all its millions of stars, what is it more in the visible 
Universe than an archipelago in the ocean ? — but an 
archipelago in motion, that travels in infinite space, 
like all those other galaxies which the telescope 
has already revealed to us. When tlie tliougJit of 
man plunges into these infinities he is bewildered, he 
loses all Belf-control, in spite of science, which opens 
to liim these sublime glimpses of infinite space and 
time ! 
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CHAPTER VI. 

Physical and Chemicai. Constitution of thb: StiN. 


§ L Opinions op the Ancients on the Sun’s Nature. 

Dimensions and Physical Nature of the Sun according to 
Ancient Opinions ; Anaxagoras, Eudoxus of Cnidos. — First 
hypedhesis suggested by the Discovery of Sun-spots. 

The ancients had, and could only have, very im- 
perfect and vague notions of the Sun’s nature — of 
what is called now-a-days its physical nature ; the doubt 
which at present, as we shall soon see, possesses the 
minds of the most learned astronomers, after so many 
years of research and interesting discoveries, suffi- 
ciently justifies the reproach of being ignorant, which 
one is tempted to offer to them. Without any means 
of precise observation, the ancients could only indulge 
in conjectures, of course very erroneous, on the dis- 
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tance and dimensions of the fiery globe which they 
looked upon as a satellite of the Earth, Thtis, 
Anaxagoras professed tliat the Sun was not much 
larger than Peloponnesus. A century later, Eudoxus 
of Cnidos believed that the Sun’s diameter was about 
nine times greater than that of the Moon — an appre- 
ciation that would have been less removed from truth 
if the Grecian astronomer had possessed better notions 
of the Moon’s size than he possessed of the Sun’s. If 
we must believe Cleomedes, who, like the Pythagoreans, 
looked upon the Sun as being steadily fixed in the 
centre of the world, the Epicurean philosophers of his 
century (that of Augustus) attributed to the central 
orb no greater dimensions than those which it appears 
to have to the naked eye — a circumstance which evi* 
dences an ignorance of the principles of geometry 
somewhat surprising for a period three centuries after 
that in which Archimedes lived. 

However, as long as the true distance of the Sun 
remained unknown, it was impossible to do otherwise 
than speculate as to its size. A fortiori was it so as re- 
gards its physical nature. The epithets, lueerna mundi, 
omnia intuens, visibilis Deus^ and m^ns^rector mwndh 
are evidence of admiration or religious adoration, not 
of astronomical opinion. The notion, according to 
which the Sun was a pure fire, the principle of heat 
and light, was naturaliy connected very intimately 
with that of the incorruptibility of the heavens, and of 




wbteh appeared fixed tip<m the vaJrii<!ma 
famgittiidl by the aocient observers aad theo^ 
i^ojAllets* Thus when Anaxagoras was bold enough to 
|srof^ that the Sun was a mass of incandescent matter, 
he was accused of impiety and banished ; the influence 
of Pericles, his disciple and friend, alone saved his 
life. 

Do not let us be astonished, however, at these errors 
of a time far distant, when twenty-four centuries later — 
three centuries after the inauguration of the experi- 
mental system of observation, so many false notions and 
erroneous opinions are spread among the immense 
majority of people ; nor must we be surprised at the 
persecutions which innovators have suffered, for even at 
the present day it is far from prudent to utter one’s 
real thoughts, if they happen to be somewhat contrary 
to the opinions generally adopted on subjects connected 
with science and pliilosophy. Jtiither let us feel sur- 
prised to find hypotheses enunciated in the form of mere 
conjectures which a very advanced state of science 
could alone demonstr ite the truth of. 

The of the Sun in the centre of the 

planetary world is one of these hypotheses to which we 
allude : it whs imagined by the school of Pythagoras. 
Five centuries before the commencement of our era, 
Archelaus, a disciple of Anaxagoras, professed that the 
Sun was a star which surp^isised all the others in mag- 
nitude. HeracLtus, who believed in the rotation of the 
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and soma other philosophers of the Alexandrian 
school, taught, according to Plutarch, that every star 
was a world existing in the depths of the heavens, sur- 
rounded, like ours, by an Earth and planets. These 
philosophers anticipated Kepler himself, who, in his 
bold hypotheses on the constitution of the Universe, 
more than once outstripped the limits of observation 
and rigorous demonstration. In his * Epitome,’ Kepler 
actually says ; — 

is quite possible that the Sun may be nothing 
more than a fixed star, more brilliant to us than the 
others simply from its proximity, and that the other 
stars are really suns surrounded by planetary worlds.’* 
Now we have seen above how modem astronomy 
has completely succeeded in assimilating the Sun to the 
stars, or in showing that the stars are suns, if that 
expression be preferred, having points of resemblance 
to our Sun, and certain analogies wdu’cli permit us to 
consider them as orbs of the same nature. 

The invention of the t<‘lcbCope, the discovery of tlu‘ 
solar spots at tlie commencement of the seventeenth cen- 
tury, caused the problem of the physical nature of thc' 
Sun to pass suddenly from the ranks of pure or imagi- 
native h3rpotheses to tliat of B<‘ientific hypoth(‘S(‘S, that 
is, conjecture based upon scientific data and put forward 
with a view to explain them. 

Before we enter into details upon the various 

* Arago, ‘ Aetronomiij Populaire/ vol. li. p* 102, 
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iheot^les proposed to account for the Sun’s physical 
pituxe we will quote a singular opinion, the production 
of which proves that scientific facts do not always 
suffice to prevent some people’s imagination from 
rushing into the region of the absurd. The opinion in 
question yias emitted at the end of the eighteenth cen- 
tury, and it would not be difficult to hunt up several 
others more or less similar, and dating even from more 
recent times. We borrow the fact from an English 
journal, ‘ The Eeader,’ in which we find it stated that, 
‘ Of all the curious opinions imagined to explain the 
nature of the Sun, the most extravagant is doubtless 
that which is contained in a Treatise on the sublime 
science of Heliograpby, demonstrating with satisfactory 
evidence that the great luminous sphere called the Sun 
is simply a mass of ice,” published at London in 1798. 

The Sun is a cold body,” says the author, oue Charles 
Palmer, since temperature decreases as we approach 
it. Besides which, a coiw^x lens of glass possesses the 
property of collecting together all the rays which fall 
upon it, to a focus ; a lens of ice produces the same 
effect.” I-\>r this reason the author [evidently insane] 
believes that the Sun is an immense convex lens of ice 
which receives the rays of heat and light emanating 
from the Almighty Himself and collects them to a focus 
on the Earth.’ 
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§ 2. On the Surface of the Solar Glore. 

Sun-spots; thoir general aspect —Nuoleus and penumbra — 
Brilliant spots or faculse — Forms and dimensions of the 
spots — Spots visible to the naked eye. 

Copernicus and Kepler, by placing the geometry of 
the heavens upon a firm foundation, opened a new field 
of inquiry with regard to the movements of celestial 
bodies ; they laid the basis of celestial meelianics, of 
which Huygens, Gralileo, and Newton, were the founders. 
Mathematical astronomy then saw the light. 

There remained, however, another branch of science 
which ancient observers had little notion of, and which 
could, in fact, only arise after the discovery of a new 
and powerful method of exploring the heavens. It is 
that branch of astronomy which relates to the intimate 
• nature of celestial bodies, which has for its object to 
study particularly their forms, their dimensions, the 
details visible on their surfaces, in a word, their phy- 
sical constitution. The application of optical laws to 
the construction of telescopes was the starting-point of 
this new branch of astronomy. 

^To the century of great discoveries accomplished 
on the surface of our planet,’ says Humboldt, ^ imme- 
diately succeeds the taking possession, by the telescope, 
of a considerable portion of the celestial regions. The 



application of an instrument which has the power of 
penetrating space, I might almost say the creation of a 
new organ of sense, evokes a whole world of new ideas*’ 

This was in fact what happened when Fabricuis, 
Galileo, and Scheiner turned this new and marvellous 
instrument towards the solar disc. Although, at this 
period the power of the telescope was very slight, it 
revealed for the first time the existence of spots on the 
Sun, and at once suggested those hypotheses and con- 
jectures which alone are fertile, namely, those based 
upon the results of actual observation. 

The first telescopes used by Galileo magnified from 
4 to 7 times only ; the most powerful of them, one 
which he constructed himself, magnified only to the 
extent of 32 diameters. The surface of the solar disc 
was thus amplified successively, however, from 16 to 
1024 times. Unfortunately, no one thought of attach- 
ing a dark glass to the eye-glass of the instrument in 
order to diminish the brightness of the image, so that 
it was only possible, as we have seen above, to observe 
the Sun late in the evening or early in the morning, 
whilst it was near the horizon, or again, when it was 
more or less veiled by clouds and fogs. This was 
sufficient, however, to enable Galileo to observe not 
only the black spots, and their motion, and the modifi- 
cation of their forms, but also to distinguish on the 
Sun’s surface certain portions which were evidently 
much more brilliant than the neighbouring parts of the 
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pendent of the Sun, and the rotatory motion was thus 
demonstrated in a very evident manner. 

Let us now proceed to describe in detail the spots 



Pig. 87.— Spots fin the Sun from drawings by Sir John Herscbel. 


of the Sun, as we see them^ by the aid of the most 
powerful of modern telescopes. 

First of all, we distinguish in a solar spot two tints. 
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very decidedly different, as may be seen by a glance at 
figs. 26 and 27. 

One of these tints consists of one or more nuclei, 
which appear black when compared to the general 
brightness of the disc ; the other is a grey tint sur- 
rounding the nucleus or several nuclei, and rather im- 



Fig. 28.— A Sun-spot, accortling to J. Nwmyth ; Luminous Bridges, 


properly called the penumbra. Sometimes, but not 
often, black spots or nuclei are seen deprived of a 
penumbra, and a penumbra is sometimes seen without 
a nucleus. 

Wlien minutely examined, the nuclei are far from 
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possessing the same tint in every part, though their 
periphery is generally very clearly defined. 

On the dark background certain hollow portions 

are noticed,^ cavities of 
darker tint than -the 
background ; such a 
structure is seen in 
the figures 33, 35, and 
36. The same remark 
holds good for the pe- 
numbra. It is those 
portions of their peri- 
phery in contact with 
the brilliant siu’face of 
the disc that are of 
tlie darkest grey tint, 
whether it be an effect, 
of contrast or a reality, 
the difference of tint 




5 


is, nevertheless, very 
marked (fig. 28). Be- 
sides, the penumbra? 
are very often striped 
with lines descending 
from their external 


thu Stripes of tho Penumbra. 

lines, sometimes curved, but 


border to the nucleus, 
sometimes as straight 
generally perpendicular to 
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the edges of the penumbra and nucleus (fig* 29). They 
appear like the beds of a multitude of streams that 
have furrowed the slopes represented by the penumbra, 
and are precipitating themselves into the dark gulf of 
the nucleus ; this, however, is only an idea evoked by 
the aspect of these phenomena, and in no way intended 
to anticipate the conjectures which we shall have to 
examine presently. 

The same penumbra often envelopes several nuclei 
(also called uinhrce), as we have already seen. But 
the latter are sometimes separated one from the other 
by narrow fragments of grey or brilliant matter; it 
appears, then, as if a nucleus (or umbra) was divided 
into several pieces by these thin fibres which Herschel 
has called ‘ luminous bridges,’ The figs. 26, 27, and 
28, show several specimens of this peculiar stnicture. 

The forms of the spots, as may be seen by the nu- 
merous drawings which are here given from most au- 
thentic sources, are extremely varied. But whatever 
their forms may be, it is rare that a certain similarity 
does not exist between the parts which immediately 
surround the nucleus and those of the enveloping 
penumbra, a likeness which points evidently to tlie 
fact that the one is produced by the same causes as 
the other. The nucleus is seldom round; generally, 
its outline forms a sort of polygon with inward angles, 
and the penumbra repeats this form. 

The dimensions of the spots are not less varied 

K 
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than their forms : some are very small, appearing like 
minute points, even when scrutinised with a strongly 
magnifying instrument ; this is the kind of spot which 
is oftenest seen as a nucleus without a penumbra, or 
as a penumbra without a nucleus. Figures 26 and 27 
furnish examples of the one and the other. Certain 
spots of enormous dimensions have been seen from 
time to time. ‘About the middle of the year 1763,’ 
says Lalande, ‘ I saw the largest and the blackest sun* 
spot which I ever witnessed. It was 1 at least, in 
length,’ that is, equal to the l-32nd part of the Sun’s 
diameter, or thereabouts. Arago mentions a spot of 
167*^ or nearly three times as long as Lalande’s. 
Schrceter measured one whose surface was equal to a 
circle having a radius equal to that of the Earth, 
which is equivalent to four times the superficies of our 
globe : its mean diameter measured about 30,000 miles. 
In 1779 William Herschel saw a spot which was not 
less than 50,000 miles in diameter. Those shown in 
fig. 30, from a drawing by Capt. Davis, show what 
enormous dimensions sun-spots sometimes attain; the 
largest of them, which has, however, a double nucleus, 
was not less than 187,000 miles in its greatest length: 
its superficies, including the penumbra, was about 
25,000,000,000 square miles. If these spots are, as 
we shall see further on, great rents in the luminous 
envelope of the Sun, of what an immense capacity 
those enormous gulfs, those gigantic abysses, must be ; 
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onr entire globe would appear, in their depths, no 
larger than a fragment of rock rolled into the crater 
of a volcano ! 



Fig. 80.— targe Suu-«pot» wen on the SOth August, 1839 ty €aj»t. Davis. 


With such dimensions as these the spots must 
sometimes be visible to the naked eye ; and, indeed, 
the intense brilliancy of the solar disc alone prevents 
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our seeing them, but we have already shown how this 
obstacle may be easily done away with. It was, 
doubtless, to these phenomena that we must ascribe 
the pretended passage of Mercury across the solar disc 
in the year 807 ; the black spot, which was supposed 
to be the obscure disc of that planet, was visible for 
eight days. In the year 840, it was Venus that was 
supposed to be seen passing over the solar disc during 
a space of 91 days. Again, in 1096, it was asserted 
that ‘signs were seen on the Sun,’ signa in Sole, 
But in those days nothing was known of solar spota ; 
after they were discovered these appearances gave rise 
to no more mistakes. Several observers have seen 
sun-spots with the naked eye ; for instance, in August 
1612, Gralileo and some of his friends saw a spot of at 
least 1 ' in diameter upon the solar disc at sunrise. It 
was seen for three successive days. The sight of a 
solar spot visible to the naked eye in 1779 determined 
William Herschel to turn his attention to the physical 
nature of the Sun, Herr Schwabe, who has devoted 
BO many years to the investigation of sun-spots, has 
seen many that were large enough to be distinguished 
without the aid of a telescope, ‘ The principal spots 
appeared,’ he says, ‘in the years 1828, 1829, 1831, 
1836, 1837, 1838, 1839, 1847, and 1848. I consider 
as large spots those which cover 50" at least ; it is at 
about this size that they become visible to persons 
with good eyes, without the aid of a telescope.’ 
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On the 28th June, 1868, a very large spot on the 
solar disc was noticed by Mr. W, S. Gilman, of Pali- 
sades, Bockville Co., New York, who wrote of it as ^ a 
spot visible to the naked eye ; ’ and doubtless such would 
often be seen if people paid more attention to the subject. 



Fifr. 31,' — Faculas iit the ucifjbbourbood «»< a Spot, from a Dmwiui^ by 
M. Chatonia*;. 

The faculce^ or brilliant spots, were observed for 
the first time, as we have stated, by Galileo. Most 
irequently they accompany the spots, and are seen 
upon the external borders of the penumbra, so that it 
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might easily be imagiaed that they resulted from an 
effect of contrast between the black surface of the spot 
and the brilliancy of the surrounding portions of the 
disc ; but this is not at all the case, for, besides the 
fact that faculae do not always surround the penumbra, 
that certain spots are devoid of faculae, the latter are 
sometimes seen to appear isolated on the disc, and 
their apparition usually denotes the approaching for- 
mation of a spot at that point. 

Faculae sometimes take the form of converging 
currents, terminating on various points of the peri- 
phery of a spot, like so many streams of brilliant 
matter. Fig. 31, for which I am indebted to M. Cha- 
cornac, furnishes a remarkable example of this state of 
things, very different from those represented in fig. 29. 

Structure of the Photosphere; Pores or Granulations on the 

hmunous Portions of the Disc. — ‘Willow-leaves,’ their Dis- 
position near a Spot and inside the Penumbra. 

When the disc of the Sun is examined with a 
moderately powerful glass, all those regions which are 
not covered with spots — often the entire disc — appear 
of uniform whiteness, and gives us the idea of a per- 
fectly smooth and flat surface. It is not so, howet^er, 
when we observe the Sun by means of a veiy powerful 
telescope. In this case the brilliant surface appears 
covered with a multitude of luminous lines alternating 
with darker lines, and crossing each other in every 
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direction, so as to resemble, as several persons have- 
remarked, the grain of an engraving. The figures 28, 
32, and 33, will give some notion of this peculiar 
aspect presented by the solar disc. The more obscure 
portions to which we allude have been called pores or 
liwules; they are seen in every region of the disc, 
whilst the spots or facute only appear, as we shall me 
presently, in a certain limited zone on each side of the 
solar equator. We must except, however, the facula» 
themselves, and the nuclei of the spots whose tints are 
nearly uniform ; l)ut those portions of the spots which, 
though of very variable tints, constitute the penumbra, 
when examined with a glass of sufficient power show a 
structure which is very similar to that of the granu- 
lated surface of the disc. The only difference appears 
to be that the pores in the penumbra are much larger, 
so that the less obscure portions of the penumbra 
appear to stand out separate from one another on the 
darker background. Their elongated forms c&nmd 
them to receive from Mr. Nasmyth, a contemporary 
English astronomer, the name of ‘ willow-leaves.’ 
Other observers have also noticed the existence of 
these luminous fragments, wliicb have been compared 
by the late distinguished Mr. Dawes to slashed blades 
of straw, and by Mr. Stone to rice-grains; Mr, Hug- 
gins calls them simply gramikhtimiB. llie following 
is the manner in which the director of the Roman 
Observatory, Professor Secchi, describes the aspect 
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presented by the surface of the solar disc, away from 
the spots, on their borders, and in the interior of the 
penumbra (he observed with a great refracting tele- 
scope, by Merz, having a diagonal ocular glass ) : — 



iFvg. 38. —Pores or Orannlaiions on the Surface of the Solar Diec^ according to 
Mr. 


^ The luminous background of the Sun is seen as a 
kind of tissue over which are dispersed a multitude of 
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white points, more or less elongated in form, and sepa- 
rated by a darker network, the points of intersection 
of this network appear like very minute black holes. 
The penumbra of the spots are more remarkable ; there 
we see a great quantity of these elongated white bodies, 
which, arranged in lines, show themselves as a kind of 
filament, and these I have spoken of as currents in 
some of my previous observations. This configuration, 
however, is not constant, and the white bodies are not 
always separate in the penumbra. It is difficult to 
compare them with any known object. I would com- 
pare them to elongated masses of cotton, of every possi- 
ble form, sometimes entangled one in another, at others 
dispersed or isolated. At times these masses are distinctly 
terminated and neatly truncated ; sometimes again, 
they are spread out, and have no distinct termination. 
Their head is generally turned towards the centre of the 
nucleus. They are not unlike great strokes of colour 
laid on with a painting brush, very white near the 
head, and gradually less brilliant towards tlie tail. 
The general background on which they are disperse<l, 
is formed by the faint light of the penumbra. This 
faint light is lengthened out in wide streaks, like the 
cirrhi clouds of our atmosphere, whilst the otlier por- 
tions might be compared to cumuli. The periphery of 
the entire spot is formed by the heads of all these 
white bodies, which give to it the aspect of a toothed 
wheel with rather prominent teeth.’ 
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Figure 33 is the reproduction of an original draw- 
ing by Mr. Nasmyth, which this astronomer was kind 
enough to send us. In it may be seen all the details 
of a group of solar spots, the nuclei formed by the two 
superposed tints ; one, completely black, like the 
depths of an abyss ; the other, somewhat less dark, 
seems to point to a region less deep. All around is 
seen the penumbra, covered by, or rather entirely 
formed of, the so-called ^willow-leaves,’ arrangexi in 
lines converging towards the nuclei ; some of these 
lines, more brilliant than others, appear to 1 k^ the con- 
tinuation of the pores which cover the surrounding 
luminous surface. The latter appears to be formed of 
a closer weaving of the same tissue, a more intimate 
entangling of these singular elements, some of which, 
finding near the border of the gulf a space where they 
can move more freely, are carried into the interior, 
whilst others swim above in the form of luminous 
points. We shall see further on whether these phe- 
nomena can be satisfactorily explained by the theories 
professed at present with regard to the physical consti- 
tution of the Sun. 

Such is, in a condensed form, the appearance pre- 
sented to us by the Sun’s disc when seen through a 
powerful telescope ; a luminous surface of uniform bril- 
liancy nearly, save the difference between the central 
region and the edge of the disc, to which we alluded 
before, and to this surface astronomers have given the 



The Sun, 


W 

of photospheref whatever may be the different 
opinions held with regard to the physical nature of this 
envelope. This photosphere is covered with pores^ or 
points, which are less brilliant than the spaces which 
separate them. Here and there a few spots; some 
formed of a black nucleus surrounded by a penumbra, 
others, shining with a light more brilliant than that of 
the photosphere, accompany the dark spots : they are 
the faculce, 

A few words now on the apparition, transformation, 
and disappearance of the spots, on their movements, on 
the regions in which they mostly show themselves, and, 
lastly, on their number and periodicity. 

§ III. Apparition, Movements, and Transformations of 
Sun-Spots. 

Their Number and Periodicity. — Connexion of this Periodicity 
witli Temperature on the Earlli, with the Movements of the 
Planets .lupitcr and Venus, and with the Perturbations of 
the Magnetic Needle, 

The spots on the Sun are not, like those observed 
on the Moon, permanent objects, fixed upon the disc ; 
every one of them appears, is born, if we may so 
express ourselves, goes through a period of transform- 
ation, and then disappears. The duration of these 
successive phenomena is very variable. 

The earliest observers of sun-spots were aware of 
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their changeable aspect. According to Fakicius, 
‘ they change their form and their velocity/ Galileo 
observes, ^ that they are not permanent, they condense 
themselves or divide, increase or are dissipated/ This 
fact was not one of great difficulty to put in evidence ; 
for sometimes the solar disc was seen full of spots, and 
at others, perhaps none appeared during an entire 
rotation. 

The apparition and successive changes of a sun- 
spot until the moment when it disappears completely, 
are phenomena which it is not always easy to follow up 
completely by observation, however assiduous. We 
can never see more than one hemisphere of the Sun at 
a time, and from the diurnal motion of the Earth upon 
its axis, the central orb is only visible during a portion 
of the four-and-twenty hours ; moreover, a cloudy sky 
often prevents observation altogether. Thus it often 
happens that an astronomer, on pointing his instru- 
ment to the solar disc, sees a spot already formed 
where nothing was observed a little time before; or, 
he sees a spot, observed previously, so transformed in 
size and position, that it is scarcely recognisable again; 
or, finally, such a spot is found to have entirely va- 
nished, either it has disappeared altogether, or the 
rotation of the solar disc has carried it out of sight. 

W'e have already stated that famlw are most fre- 
quently se^ in the neighbourhood and on the borders 
of a spot. There exists, however, a more intimate 
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between them, as Schwabe, one of the 
diligent of modern observers, truly remarks: — 
^ There can be no doubt«,’ he says, Hhat there exists 
an intimate connection between the spots and the form»- 
ation of faculse. Frequently I observe faculaa or 
luculae at a point where a spot has disappeared, or new 
spots are seen to develope themselves in the faculee.’ 

It does not appear probable that the largest spots 
are formed immediately with their greatest dimensions. 
According to Professor J, Chacomae, it is at those 
periods when the solar disc is most devoid of spots 
that a large number of small spots are seen to appear, 
first of all isolated and devoid of penumbra, then gra- 
dually becoming stirrounded with the grey tint which 
characterises the latter, whilst the spot continues to 
increase in size. The nearest of the small black spots 
are connected together by portions of penumbra, finally 
they unite in a common penumbra, and the increasing 
nuclei blend together into one spot of laj-ge dimen- 
sions. It seems as if they were precipitated one into 
the other ; and whatever hypothesis may be proposed 
as to the nature of sun-spots, tliere can be no doubt 
that the motions to which we allude here really exist. 
Among the earliest observers, Scheiner and Galileo 
were surprised at the rapidity of the changes presented 
by sun-spots. Derham, Wollaston, and William 
Herschel, have studied these changes very minutely; 
the latter has actually seen large spots formed by 
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the augmentation of a small black point which origin* 
ally formed the nucleus, and he also has witnessed the 
disappearance of spots by a gradual shrinking of the 
nucleus, which often divided itself at these times into 
several distinct nuclei. * In this case,’ he says, ^ the 
luminous matter of the Sun appears to spread over the 
cavity of the spot like a bridge.’ 

Arfigo, in his ‘ Popular Astronomy,’ quotes a pass- 
age from Wollaston, where this observer speaks of the 
sudden division of a solar spot, and compares the phe- 
nomenon to what happens ‘ when we throw a sheet of 
ice upon the frozen surface of a pond, and see it break 
into a number of fragments, each of which slides away 
in all directions.’ It appears evident to us that this 
comparison must not be accepted too literally, Wol- 
laston only wished to convey a notion of the relative 
rapidity with which a sun-spot undergoes its transform- 
ations. 

M. Laugier having measured the relative positions 
of two spots, concluded that one had receded from the 
other, supposing the latter to be fixed, with a velocity 
of 121 yards per second# According to the recent 
observations of M. Chacornac, small spots are precipi- 
tated into larger ones with a velocity which sometimes 
attains to 599^ yards per second. It is shortly after 
the appjirition of a group of spots that the most exten- 
sive and rapid changes occur. This would explain the 
difference — more apparent than real — between the 
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spots which are seea to undergo rapid variations, and 
those whose permanence would indicate that these 



4.--.Spot otwerved by Dawes, Fig. 85.— Same Spot 29th Oct. 

Ih Oot. 1869. 



Fig. 86.— Same Sjwt, yist October. Fig. Same Spot, 2n(i Nov. 

variations were over at tte time of observation. For 
inst^ce, in July 1865, a great circular spot preserved 
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its size and form from the 7th to the 20th July, that is, 
dtiriug the whole time th.at it was observed, whilst a 
group which, at the latter date, occupied the middle of 
the solar disc, underwent rapid change in its form and 
dimensions* 

The figures 34 to 41 represent spots wdiose varia- 



13tb Oct. \m. 30™. 14tu Oct, {n», 


Fig. 58 —"Changes tmaergonc by n Sun-spot, from Observations by Mr, Howlet, 


lions have been observed at certain intervals. The first 
four sljow what happens to a solar spot observed every 
second day; in the two following the change under- 
gone in the spaoe of one day is depicted from the 
observations of an English astronomer, Mr. Howlet, 


o 
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made in October 1865. Lastly, in figures 40 and 
41, may be seen the transformations operated in several 
groups of sun-spots during tbe period of an entire ro- 
tation ; there are, at the same time, plain indications of 
a considerable amount of proper motion, which has 
changed the respective positions of the groups, and 



IMb Oot., lOh. 16th Oct., 8h 30«», 

30.— Slim© Sj»ot ob8oi*vod on the 1 6th and 16th Oct., IS 65, by M. Chaconiac 
(800 fig. 38). 


proof of the intimate transformations going on in each 
of them. 

We see, then, that solar spots vary incessantly in 
form and position* The period during which they 
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exist on the Sun’s surface is also very variable. Some 
— generally the smallest — merely appear and dis- 
appear, they last for a mere fraction only of the 25-]^ 
days in which the rotation of the Sun is accomplished. 
Others, on the contrary, remain visible during several 
successive rotations, most frequently during one or 
two rotations. 



g, ■lO.—Transforniations in groups of Spots in the interval nf.-i rotation, according to 
Pastortr, 24tlj May and2lst June, 1828. 


Cassini said in 1740: ‘None were ever seen to 
last so long as that which was seen in November and 
December 1676, and again in the month of January 
1677, having remained upon the disc of the Sun for 
a period of seventy days.’ But the great spot of 
1779 remiiined visible for six months, and in 1840 
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Schwabe saw one which returned eight times, the 
duration of which covered 200 days, or nearly seven 
months. 

Is it true tliat some spots which have disappeared 
show themselves again upon the solar disc after a 
certain interva], and at the same point of the disc, as 
Cassini and Lalande believed ? Cassini looked upon 



Fig. 41.-“Dctail« of two groui»8 of Spots A and B (Fig- 40) iu tbe interval of 
a rotation. 


the spot \vhit*h appeared in May 1702, as identical 
with that which had disappeared at the same point in 
May 1695. Lalande also asserts most positively that 
considei*abl6 spots reappear at absolutely the same 
physical points of the solar disc. According to Mr. 
Carrington, who has studied sun-spots during the 
lengthened period of seven consecutive yejirs, it is 
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difficult to form an opinion on this subject and to de- 
clare the identity of the spots which sliow thetnselves 
in the same regions. He brings forward, however,^ a 
considerable number of cases in which the return of 
the same spot offers some degree of probability. The 
most remarkable case is that of four groups, the first 
of which was visible from 24tli to 30th September, 
1857, the second from 16th to 18th October, the 
third from the 15th to 28th November, and the fourtli 
on the I9th December of the same year. But, on 
account of their change of form, and slight alterations 
in their respective positions, it is almost impossible 
to establish their identity with certainty. 

Certain it is, however, as the earliest observers were 
aware, tliat spots do not show themselves indiscrim- 
inately in all the regions of the solar disc. Gralileo 
professed that they were limited to a zone eKtending 
Borne 29° on each side the solar ecjuator. According 
to Scheiner and Hevelius this zone is 30°, and was 
called the i^oynl zone at that period of history, as this 
region had the privilege of l)ecoraing covered with 
spots (maculated). 

The width of the zone, however, increased as ob- 
servation made progress, and in 1777 Messier saw a 
spot 41^'’ from the Sun’s equator. In 1780 Mecliain 
and Lalande saw another whose latitude was 40°, and 
about 1840 M. Laugier saw several on the 41st parallel. 

* R. C. Carriagtoii, he, elt. 



A group 66611 by Mr, Carrington in July 1858 was 
situated in 45® south latitude. Examples of spots 
being met with in higher latitudes than these are very 
rare : one was seen, however, by Herr Schwabe at 50®, 
and another by Prof. Peters, of Hamilton College, at 
50^® ; finally, a spot was described by La Hire as 
being in the 70th degree of north solar latitudes, which, 
as Huml)oldt remarks, must be ranked as a very great 
curiosity. 

Solar spots are not uniformly distributed, however, 
through this zone in which they make their appear- 
ance, and of which we have endeavoured to show the 
limits. Though they are never seen at or near the 
poles, and rarely beyond the 45® of latitude, they are 
rare enough at the equator itself, and at a few degrees 
only on each side of it. To render this more clear, it 
will be necessary to quote a few figures. In the 5290 
observations made by Mr. E. 0. Carrington, which 
comprise 954 groups of spots we only find 50 groups 
in the neighbourhood of the Sun's equator ; 20 between 
0® and + 4® latitude, 30 between 0® and — 4® ; one 
only actually cuts the equator. The other groups 
were distributed pretty much as follows ; about 200 
up to + 10® and — 10® ; 640 from these two latitudes 
to 30® N. and 30® S. ; beyond this we have only about 
60 groups. It is evidently between 10® and 30® that 
the spots are most abundant, as may be seen at once 
by a glance at Fig. 42, which is a small reproduction 




iistributi;n of goUu- Si«ots according to latitude, from 1853 to ISGl according to Mr. Carriugtfui. 





206 The Bun. 

pf the three large plates in Mr* Carrington’s work 
above-mentioned* 

According to Sir John Herschel the actual equator 
of the Sim is less frequently covered with spots than 
the adjacent zones on each side of it, and there exists 
a characteristic difference between their number and 
dimensions in the northern and southern hemispheres ; 
the northern spots are both more numerous and 
larger than tliose of the other zone. The region be- 
tween ll"" and 15° north latitude, is particularly fertile 
in large spots of long duration. Tins opinion, which 
is reproduced in the ‘ Cosmos ’ of Humboldt, is con- 
tradicted somewhat by the observations of Mr. Car- 
rington, for of liis 954 groups of spots we find 436 in 
the northern hemisphere and 518 in the southern. 
This result certainly is opposed to the opinion we 
have just cited, as far as the number or frequency of 
spots is concerned ; and if we may judge from the 
drawings given in Mr, Catrington’s splendid work, the 
spots of larger dimensions appear to have been equally 
numerous in each hemisphere. But it must not be 
forgotten that the observations which we are contrast- 
ing with one another were made at different periods. 
It may be that there exist certain periods at which 
sun-spots are really more numerous at one side of the 
equator than at the other, and reciprocally. 

The figure 42, just alluded to, shows how much 
successive years differ with regard to the frequency of 



The Solar Spate, 


201 

sttn-^spots. The number of groups observed diminishes 
from 1853 to 1856, period at which a minimum oc- 
curs; it then increases rapidly to 1860 or 186L In 
1860 this number is 297, or 13 times greater than in 
1856, when it was only 23. 

From the date of the earliest observations to the 
present time astronomers have called attention to the 
great difference in the frequency of sun-spots accord- 
ing to the various epochs, Scheiner speaks of 50 
spots seen all at once upon the solar disc in 1711. 
From 1700 to 1710 they were also tolerably numerous ; 
in 1716 no less than 21 groups of spots were observed, 
among which 8 were simultaneously visible. From 
1717 to 1720, still more were seen, particularly in 
1719, when a kind of equatorial belt appeared to be 
formed by them. In 1740, and in October 1759, sun- 
spots were likewise very frequent, Schroeter counted 
68 spots all visible at once, and at another time 81, 
William Herschel saw 50 in 1801, and 40 in Novem- 
ber 1802. 

Figure 43 shows how numerous sun-spots some- 
times are on the solar disc even when they are of con- 
sideral>le size. 

On the other hand, they appear to have been very 
scarce from 1650 to 1670, from 1676 to 1684. None 
were seen from 1695 to 1700, nor from 1711 to 1712. 
In 1710 and 1713 one only was observed. Accorrling 
to the astronomical correspondence of Baron Zaoh, 
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29 1821 to 1823 without anjr 

feiiag on the Sun’s disc; on the 10t& 

Jul^» 1823, only a few made their appearance. 



fig. 48.-«Suw-Spot8, 2nd Sept., 1836, from a Drawing by Cap*. Davis. 


By coiiJjiniag and comparing together all these 
various data and adding to them the results of his own 




obs^ations made from 1826 to 1850, Profc ScLvrabe 
of Bessau has pla43€!d beyond doubt the existence of a 
nearly regular periodicity in the occurrence of solar 
spote j but it 18 probable that the period of 10 or 11 
years which results from his researches undergoes a 
certain variation itself* The numerous observations 
of Mr. Carrington, already quoted, and the continuous 
researches carried on at the Observatory of Kew, by 
Dr. Balfour Stewart and others, combined with those 
of Herr Schwabe, will help to solve this problem of 
solar physics. 

In order that the eye may embrace in one glance 
the periods of maximum and minimum through which 
sun-spots have passed for more than a century, we 
have given in Fig. 44 tlie curve established by Mr. 
Carrington from his own researelies and from those of 
Prof. Wolf of Zurich, who has investigated the older 
series of observations. Underneath are seen two other 
curves, the lines of which follow, more or less regu- 
larly, those of the first. One of these indicates the 
various distances of Jupiter from the Sun, for it 
appears to have been remarked that there exists a 
certain correlation between the proximity of that 
planet and the most numerous apparitions of sun- 
spots. The mass of Jupiter, which is relatively con- 
siderable, could it possibly have an influence on the 
solar surface analogous to that which the mass of the 
Moon exerts on our Earth and causes the tides ? 



is n question which is not yet decide^^l^ 


In the thiM curve given in our figure the oscilla- 


tions in the price of wheat in England during; this 
time may be seen. This curve is brought foi^ard 
here because Sir William Herschel had concluded from 
some theoretical views of his on the physical constitu- 
tion of the Sun, that the spots furnish an indication 
of an increase in the quantity of heat and light 


* Messrs. Warren De La Hue, Balfour Stewart, and Loewy, 
have devoted much time to tlie study of solar physics, and to 
the probable influence of the planets Jupiter and Venus on the 
distribution of sun-spots in latitude. They appear to have ob- 
served that when one of these planets passes across the plane of 
the Sun’s equator it drags, as it were, the spots into the equatorial 
region of tlie disc ; they spread towards the poles on the con- 
trary when the planet passes away’ from the equatorial plane 
(see ‘ Monthly Notices of the Astronomical Society,’ Nov. 1866). 

[Those of our readers who would wish to follow up this 
apparently fertile field of physical discovery w'ould do well to 
consult the valuable ‘ Researches on Solar Physics ’ by the 
three authors above named (printed for private circulation by 
Taylor and Francis, London, 1866), and also the papers com- 
municated by Prof, Balfour Stewart on this subject to the 
* Proceedings of the Royal Society.’ It is certainly one of the 
most intercating and important discoveries of modern times, 
sliould future research confirm it, that planets far removed from 
the Sun, can cause mechanical changes on so vast a scale as 
that exhibited by sun-spots. Compare also the very interest- 
ing paper by Camille Flammarion, entitled ‘ Le Soleil, sa Nature 
et m Constitution physique ’ in his excellent * Etudes et lectures 
sur TAstronomie,’ published at Paris, in 1867. — P.] 
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emitted from the regions where they occur. These 
radiations would, therefore, be more intense when the 
spots are most numerous, and hence the mean tem- 
perature of the Earth wotild vary somewhat on these 
occasions. In order to prove this, the illustrious 
astronomer, not having sufficient meteorological data 
at his disposal to solve the problem, sought for another 
test-, and took the price of wlieat as a term of com- 
parison ; he thought he had found that for a period 
extending over about two centuries, the price of wheat 
liad l)een higher when the Sun luid sJiown the least 
signs of spots. 

Tlie (question was examined again by M. Gautier 
of Geneva, F. Arago and M. Barratt made still more 
complete tabulations, taking into account tlie numer- 
ous results furnished by modem meteorological re- 
searches ; and their conclusions contradict those of 
Herscliel. However, this is a problem which can only 
be compldely solved by a still greater accumulation of 
comparable facts. If there exista a connection be- 
tween the spots of the Sun and the temperatxire of tlie 
Earth, it is by comparing the mean temperatures of a 
great number of countries, situated in different lati- 
tudes, and in all parts of the world, that the fact will 
be proved. 

As Arago truly remarks, * In these matters we must 
l>e careful how we generalise facts liefore we have a very 
considerable number of observations at our disposal.’ 
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The periodicity of sun-spots has been placed in con- 
nection with another terrestrial phenomenon, namely, 
the motions of the magnetic needle. The diurnal 
variation of this apparatus has also a maximum 
and a minimum, the period of which appears to be 
about ten years, and to correspond with the period of 
sun-spots. It results from observations made in re- 
cent times by Prof. Wolf, Prof. Secchi, and General 
Sabine, that the epochs of greatest frequency of solar 
spots are those in which the greatest perturbations of 
the magnetic needle have been noticed. According 
to Wolf, however, there would be tliree different 
periods, eithtir for the spots, or for the needle, and 
particularly for the aurora borealis : the first appears 
to be 1 1 years 40 days, the second 55^ years, and the 
third 166 years. Are these accidental connections, or 
are they really due to a magnetic influence which tlie 
Sun exerts upon the Earth ? 


§ 4. What ARE SuN-sroTs ? 

Various conjectures concerning the Physical Constitution of the 
Sun — Tlieories of Wilson and W. Herschel — The Spots are 
Cavities — ^The Photosphere is an Incandescent gaseous sub- 
stance. 

Until now we have remained strictly within the 
limits of actual observation, that is to say, within the 
bounds of positive facts furnished by science : we are 
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now about to penetrate into the domain of conjecture 
and hypothesis in endeavouring to reply to a question 
which many thousands of people, both ignorant and 
learned, have asked already, and which many of our 
readers have doubtless asked themselves whilst perus- 
ing this little volume. 

What is the Sun ? 

If the science of astronomy could solve this great 
proljlem, it would be nearly capable of solving that of 
the entire Universe, at least so far as we know, for we 
iiave already seen that such a question is ec[uivalent to 
asking, — 

What is a star ? 

As our readers will easily imagine, all the theories 
(exhibited for the last 250 years, that is, since the Sim 
was first observed with a telescope, are based upon the 
plienoinena presented by sun-spots. It was, there- 
fore, essential to describe with some detail all the pe- 
culiarities of their structure, their formation, and their 
real or apparent motions, their periodicity, and their 
distribution on the surface of the immense sphere. 
We have done so ; let us now review the hypothesis in 
question. 

When it was onc^e proved — and it was not long in 
being so — that the spots certainly belonged to the 
body of tlie Sun itself, the various observers gave each 
his own opinion of them. 

Galileo, first of all, regarded the spots as a kind of 
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smoke, as clouds, or frotb, formed on the surface of the 
Sun, and swimming on an ocean of subtle or fluid 
matter, Helvelius was of the same opinion as the 
great Florentine. Other persons also considered the 
spots to be something floating on the surface of the 
Sun ; but sometimes it was thought to be bituminous 
matter expelled from sunken volcanoes, or irregular 
solid bodies plunged in a fluid, and appearing from 
time to time at its surface. The following lines show 
how Cassini II. exhibited the various opinions current 
on this subject in his time; he has been prudent 
enough, however, not to give his own opinion in favour 
of one or the other conjecture. 

‘ Some people,’ says he, ‘ believe the Sun to be an 
opaque body having an irregular surface somewhat 
like that of our Earth, its irregularities being entirely 
covered over by a luminous fluid matter; that this 
fluid being drawn towards certain parts more than to 
others by a kind of tide action allows us to see now 
and then one or more of these points or rocks under* 
neath ; this produces the appearance of spots, around 
which exists a kind of froth or spray represented by 
the nebulosities (penumbrse); that the spots disappear 
when these points are again covered by the fluid, and 
appear again when the fluid moves off to another 
part: this explains tolerably well why they reappear 
on the same portion of the Sun’s disc after a certain 
number of revolutions.’ 


p 
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This first opinion is that of La Hire^ which La<» 
lande still regarded in 1764 as the most probable. At 
the present day, since the proper motion of the spots 
on the Sun’s surface has been proved by so many 
direct observations, it is unnecessary for us to refute 
an opinion which requires theih to be perfectly im- 
moveable, and is, moreover, in contradiction with the 
appearances presented by the penumbra, always darker 
near the the borders than next to the nucleus. 

^ Others,’ continues Cassini, ^ have imagined that 
the centre of the Sun is an opaque dark nucleus, 
entirely covered by luminous fluid matter; that in 
this opaque body there exist volcanoes similar to 
Vesuvius and Etna, which throw out, from time to 
time, masses of bituminous matter, which find their 
way to the surface of the Sun, where they produce the 
effect of spots, in the same manner that a new island 
was formed in the Archipelago near Santorin and 
another near the Azores ; that this bituminous matter 
is altered or decomposed by that which covers the 
surface and wiiich gradually consumes or dissolves it, 
forming those nebulosities and transformations which 
are remarked in the spots; the latter disappearing 
when this bituminous matter is completely consumed 
or destroyed ; that they appear again, however, at the 
same points of the solar disc, when the volcanoes throw 
up another lot of bituminous matter. 

< Some have concluded that the Sun is composed 
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of a fluid matter in which certain irregular solid 
bodies are plunged, and that these are sometimes 
brought to the surface by the motion of the fluid 
appearing as spots, the forms of which differ with 
those of the said irregular Solid bodies. 

‘ Lastly, others have imagined that the Sun is 
foimed of a subtle fluid matter in a constant state of 
agitation ; that the gross matter contained in the 
former is separated from it by the rapid motion of the 
fluid, and is carried to the surface in the form of froth 
and foam, like that which appears on a melted metal 
or any other boiling matter, this scum is moved 
about by the fluid matter of the Sun, and so appears 
in the different shapes and aspects taken by the spots, 
which we see, independently of optical illusions, in* 
creasing or diminishing in size, approaching or re* 
ceding slightly to or from each other, and disappearing 
when dissipated entirely by the constant agitation of 
the subtle matter of which the Sun is composed.’ 

These primitive explanations of sun-spots are only 
rough interpretations of the phenomena as they were 
first observed : the spots had not been studied in all 
the details of their movements and their structure; 
and the necessity of explaining the latter was, of 
course, not then felt. It is to \>e remarked that the two 
first conjectures suppose that the spots always make 
their appearances at the same points of the disc, as 
they admit them to depend on rocks or scoria from 




Toleanoes in fixed positions. The two others resemble 
the preceding very much, since they also make out the 
spots to be solid bodies, scoriae, &c., but they differ 
widely in an important point, viz., they consider the 
spots movable, and therefore capable of showing 
themselves in any region of the solar disc. 

It is useless for us to linger over these first rough 
sketches of a theory of the Sun ; the reader will easily 
perceive, from the descriptions of the detailed ob- 
servations of solar phenomena, tlieir principal defect, 
that is, their inade<piacy to explain these phenomena. 

Let us now examine a theory imagined by the 
Scotch astronomer Alexander Wilson, a very ingenious 
theory subsequently modified and completed by Bode, 
and by William Herscbel, and afterwards adopted and 
perfected by a considerable number of more modern 
philosophers. In spite of the serious objections that 
have been raised against it of late years, there are still 
many distinguished men who adhere to it We must 
leave aside the history of the different phases through 
which this theory has passed, however instructive such 
a history may be, and shall, therefore, limit ourselves 
to the exhibition of it, as given about twenty years ago 
by Arago in bis ^ Astronomic Populaire.’ 

It is essentially distinguisbed from the older the- 
ories by considering the spots to be, not solid bodies 
emerging and floating on the photosphere, but cavi- 
ties existing momentarily in the luminous envelope of 
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the Sou and permitting ns now and then to view the 
internal and less lominons portions of the solar globe. 



Pig. 41^.— Sxplanfttion of th* Phe&om«Qa of the Spots by the theory of Wlleon awd Herschcl : 
otto, Photosphere; 665, liowor Cloudy Atmoi^hew ; A, Spot with ite Nucleui ftftd Pen- 
umbra; B, Nuokms without Peaumbra ; C, Petmmbra without a Nucietuu 


The entire globe would, according to this theory, be 
formed in the following manner : — 






* la the first place^ intemally, we have a spherical 
naeleus^ relatively obscure, surrounded at a certain 
distance by a first atmosphere bbb (fig. 45), which 
may be compared to the Earth’s atmosphere, when the 
latter is occupied by a continuous layer of opaque and 
reflecting clouds. If we place above this first layer a 
second luminous atmosphere a a, which we will call 
the photosphere^ this, more or less distant from the 
lower cloudy atmosphere, will determine the visible 
periphery of the central orb/ 

Let us see now how this theory accounts for the 
appearances presented by sun-spots and the dark or 
light portions of the disc. 

We may imagine that gaseous matter is formed 
from time to time at the surface of the dark nucleus, 
the high temperature of which causes its deflagration, 
or that this surface is strewed with foci of volcanic 
action which rupture, from time to time, the two 
atmospheres of the 8im, producing cavities through 
which we get a glimpse of the dark central nucleus. 
Such openings would generally have the form of 
irregular cones, widened at their external surfaces, 
allowing the solid dark body of the Sun to be seen 
through their narrow ends, and the cloudy atmosphere 
of a grey tint all around. Hence the appearance of 
black spot>s surrounded by penumbra. 

But it may happen that the opening is wider in 
the cloudy atmosphere than in the luminous envelope, 



or pbotosphare ; in this ease the dark nueleus alone ^ 
wohld be and we shonid have a spot without a 
penumbra. Again, the rupture of the first grey en- 
velope becoming closed before that of the photosphere, 
would have for effect to shut out the view of the dark 
globe, and we should have a penumbra without a 
nucleus. A violent and sudden outbreak occurring in 
a gaseous mass, such as the photosphere is supposed 
to be, would produce all around the opening a con- 
densation of the matter of which the photosphere is 
formed ; hence an increased luminosity in these parte 
giving rise to what are called faculce^ which almost 
always surround the spots. 

This theory of the physical constitution of the Sup 
kccounts in a tolerably satisfactory manner for the 
various phenomena observed in detail on the solar disc. 
The various forms of the spots, their disappearance, 
even their motions, are thus explained in a very na- 
tural manner. The fact often noticed, that the nu- 
cleus of a spot diminishes gradually, and is finally re- 
duced to a small point before disappearing entirely, 
leaving the penumbra for a short time alone, is per- 
fectly explained by it. It is easy to conceive also by 
its aid how the faculae subsist for some time after the 
disappearance of a spot, and even become somewhat 
more intense, for a certain interval would certainly 
be required before the perfect uniformity of the 
gaseous layers, or atmospheres, could be re-esta- 
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luminous. 

Beside ascending currents, rapid and power&l 
Oiidtk^ to rupture the atmospheric envelopes of the 
Bun, we may imagine that a continual agitation exists 
in these gaseous strata and on the surface of the 
photosphere. This surface would be, therefore, not 
smooth, but rough, having eminences and depressions 
in every direction, like the waves of the ocean. Hence 
those lines of light and shade, luminous and obscure 
ridges, which have been called luculce; hence also 
that multitude of 'pores which cause the disc of the 
Sun to appear covered with points, to which we have 
already alluded, * 

All these explanations of the phenomena presented 
by sun-spots are based upon two hypotheses : the first 
admits that the spots are cavities in the luminous 
envelope ; the second, that the nucleus of the Sun is 
a dark globe, and that the light of the photosphere is 
that of a luminous incandescent gas. It remains for 
us to see whether these two conjectures can be sup- 
ported by the results of actual obseivatioi;i. 

In the first place let us inquire, Are the spots 
really openings or cavities in the photosphere? 

To present the subject in its clearest light, let us 
consider a circular spot, the black nucleus of which is 
surrounded by a penumbra of nearly equal width all 
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rotmt; and M ns ipppoae it eb^ges neither in 
m» MOT m form dnrii^ the irhole of lbs passage across 
the solar disc, ftom lie eastern to the west^ limk 
It is only i0hm at the ceseiare of the disc that an 
observer would see it in its true form, which wonld be 
that of two concentric circles, or a black circular 
object surrounded by a greyish-coloured ring. Before 
it arrives at the centre of the disc, and after it has 
passed over this centre, the effect of perspective will, 
of course, cause a deformation of the spot, its true 
dimensions will be preserved parallel to the axis of 
rotation, hnt its width will shrink, and it will become 
more and more narrow as it approaches the border or 
limb of the disc. There it will be seen as two con- 
centric ovals. 

If the spot and its penumbra are merely superficial 
accidents of colour entirely on the surface of the plioto- 
sphere, what should we see in such a case ? 

It is evident that the greyish ring forming the 
penumbra would appear narrower at that side of the 
spot where the obliquity of the visual rays is greatest ; 
that is, on the side nearest the edge of the Sun ; and 
this inequality in the width of the penumbra would be 
the more noticeable the nearer the spot gets to one of 
the Sun’s edges. 

If the spot is an eminence, or something projecting 
from the snrfiace of the disc, the above effect would be 
still more striking, and the black centre in this case 
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would, when seen in perspective, quite mask that 
portion of the penumbra nearest the edge ; this portion 
would disappear completely whilst that part of the 
penumbra turned towards the centre of the disc would 
remain visible. 

Lastly, if the spot is a cavity of which the pen- 
umbra forms the sloping sides, we should see exactly 
the reverse; we should see what we have represented 



Fig. 40.— Aparout change in tho form of a Sun Spot os it movea lh>m the centre to the edge 
of the dieo. 


in fig. 46, where the apparent change in the form of a 
sun-spot as it passes from the centre to the edge of 
the disc is depicted. It is that portion of the pen- 
umbra turned towards the centre of the disc, which 
first begins to diminish in width, and which actually 
disappears altogether, whilst the other portion seen 
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less obliquely as the motiou progresses, appears to 
increase in size. Very near to the edge, an instant 
occurs when the black nucleus, which is the bottoro of 
the cavity, disappears from our sight; then the pen- 
umbra getting thinner and thinner as it nears the 
edge, disappears likewise before touching the Sun’s 
border. 



Fig. 47^-->Kxplanation of the change of term oVwcrvod In the nucleue and the i>enwt»bru in 
Alex. Wileon’e hyiwtlieslB, 


Such were precisely the appearances observed by 
Wilson in 1769, which suggested to him the hypothesis 
referred to above. Since then numerous observations, 
and several new arguments which seem to us thoroughly 
decisive, have confirmed this particular point in the 
Sun’s history, and it appears therefore to be well 
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proved that the spots are really openings in the Sun’s 
photosphere. 

M. Faye, in alluding in some of his writings to 
these decisive proofs, quotes a remarkable observation 
made by Galileo, and often repeated since his time. 
Two spots being seen near to each other at the centre of 
tlie disc, and separated only by a thin strip of light, it 
is evident that if the spot nearest the centre was a 
prominence on the Sun’s surface, this strip of light 
would soon be masked by it, whilst in reality it 
remains visible to the very edge of the disc, dimi- 
nishing in width only according to the laws of 
perspective. 

In a letter we received from M. Chacomac in 
1865, he lays great stress on this fact, namely, that 
if the spots were prominences, such as clouds, &c., 
Hhey would never be seen to disappear before they 
arrived at the edge of the disc,’ a thing which is, on 
the contrary, generally observed. 

If once we admit that sun-spots are cavities, or 
ruptures in the luminous photosphere which envelopes 
the Sun, it is difficult to guard against the illusion 
which causes us to imagine the existence of a hole 
when we see a black spot detaching itself upon a 
lighter background. In fig. 48 we have a spot which 
appears like a gigantic whirlwind or cyclone — an 
immense funnel into which the luminous matter of the 
photosphere is being engulfed and absorbed. 
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But such an illusion would not have sufficed to 
explain the appearances presented by sun-spots, with- 
out the aid of actual observations* A curious ex- 
periment by Mr. Warren de la Rue turns such an 
optical illusion into an argument which tends to 
transform it into a reality. This learned and ingenious 



Fig, 48."— -Spctt y»rc«jntiiig tijcs appuiiunre of h whirlwind or cyclone 
observed by Prof. Seccbi on tlie 6th. May, 1867. 


astronomer took some photographic views of the same 
spot at two days’ interval, in order to obtain them 
under the proper visual angle to produce relievo in the 
stereoscope; and when seen in this instrument, the 
photograph shows the spot most perfectly as a funnel- 
shaped cavity. 

On the 16th November, 1868, M. Delaunay pre- 
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sented to the French Academy of Sciences a pho- 
tograph of the Sun, recently obtained by Mr. Warren 
de la Eue* This picture was taken just as a con** 
siderable sized sun-spot was exactly on tbe edge of 
the disc. At this point we see in the photograph a 
hollow excavation, which indicates most plainly the 
existence of a cavity in the photosphere where the spot 
occurred. 

Lastly, by investigating a very large number of 
spots, and measuring the width of the penumbra to 
the right and to the left of the line which represents 
the Sun’s axis on the disc, the astronomers of Kew 
have obtained results in accordance with the hypothesis 
in question. In 605 different cases 75 gave no 
results, that is to say, the penumbras were of equal 
breadth on each side of the line; of the remaining 
530, 456, or 80*04 per cent, presented appearances 
in accordance with Wilson^s hypothesis ; 74, or 13*96, 
per cent, presented a contrary appearance.’’^ By 
measuring the length of the penumbra, as they mea- 
sured its breadth, the same authors found that the 
foreshortening or perspective view of tbe spots was 
such as is required by Wilson’s hypothesis. 81 per 
cent of the spots had their penumbras wider towards 
the poles than at the side next the centre of tbe disc. 

♦ Be La Rue, Balfour Stewart, end Lowey, ‘ Researches 
on the Solar Physics,’ Ist Series, 1865, 
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It appears then to be clearly proved that the spots 
and their penumbrae are holes or cavities which appear 
from time to time in the Sim’s photosphere. This 
first part of the theory appears to be incontestable; 
let us see whether the second point is as probable, that 
is, whether the globe of the Sun is formed by a dark 
nucleus, surrounded at a certain distance by two 
envelopes or atmospheres — one not self-luminous, but 
capable of reflecting light; the other self-luminous, 
forming the visible periphery of the Sun itself, and 
being the source of its luminous, calorific, and chemical 
radiations. 

In the first place, is the photosphere formed of 
an incandescent gas at a high temperature, as the 
theory supposes it to be ? or is it more probably a 
liquid ocean, a mass of molten matter, or a solid body 
in a state of incandescence ? 

If the spots are really cavities, the two last notions 
may be rejected at once, for if these cavities were 
produced in a liquid, it is incredible that they should 
last so long, or that the equilibrium of the masses 
which form the sloping sides should remain disturbed 
for days, weeks, or months together; in fact, that 
these enormpu? excavations are not at once filled up. 
And if the photosphere is composed of solid matter, the 
spots would have to be considered as external bodies 
projecting from the surface of the solar globe. 

Nevertheless, these are only negative proofs, Arago 
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has supplied a positive argument in favour of the 
gaseous nature of the photosphere. According to some 
of his experiments, light which emanates at a very 
small angle from a solid or liquid body in an incan- 
descent state constantly shows traces of polarisation.^ 
Light which comes to us from the edge of the Sun 
should, therefore, be more or less polarised^ if it ema- 
nated from a liquid or a solid substance ; received in a 
polariscope, such light would be decomposed into two 
beams of complimentary colours. Such, however, does 
not occur, and observation proves that at whatever 
angle, or at whatever region of the disc it is examined, 
the light of the photosphere is always in the natural 
state, such as emanates from an incandescent gaseous 
substance ; ^ to be precise,’ says Arago, ^ such as 
illuminates our shops and lights our streets.’ 

This experiment, which appears so decisive and 
to prove so incontestably the gaseous nature of the 

* The meaning of the terms polarimiion, ^larked lights 
and natural Ught^ which we cannot stay to explain here, is fully 
given in works on Optics, or treatises on Physics. [Light 
which is polarised possesses certain properties which distin^ 
guish it from natural light. It may be polarised in several 
ways; for instance, hy reflection at a certain angle from 
polished surfaces, by transmission in certain directions through 
cxystals, &c. Light which is supposed to be polarised is tested 
in an instrument called a polariscope^ invented by Arago, and 
in which it reveals by colour, Ac., some of its peculiar pro- 
perties. — PJ 
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Sun’s photosphere, has been nevertheless nailed in 
question and it has recently been put to the test of 
another optical experiment no less important, which 
we will now refer to, as it has been attempted to 
deduce from it a new theory of the physical consti- 
tution of the Sun, 


§ 5. CONTEMrORARY ViEWS REGARDING THE PiiySICAL CONSTITU- 
TION OF THE Sun. 

Spectral Analysis of Solar Light and Thc?ory proposed by 

Kirchhoff, Bunsen, and Mitschorlicli. — M. Faye’s Theory. 

When the light of the Sun is decomposed by its 
passage through a prism, it produces an image formed 
of various colours, arranged in a constant order, and 
known as the solar spectrum. This spectrum is, 
moreover, crossed by a multitude of dark lines, some 
wider than others, and more easily seen, but a vast 
number too fine to be distinguished without the aid of 
special apparatus. 

A light emanating from any other source than 
the Sun gives also a spectrum when it is causcid to 

V fSir John Herscbel has intimated in his ‘ Astronomy,’ that 
the rays emanating from the edge of the Sun cannot be totally 
composed of the exceedingly oblique beams of light supposed 
by Arago, and that this experiment, in appearance so con- 
clusive, really leaves the question pretty much where it was 
before. — P.] 


9 
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pass through a prism; but, according to the nature of 
the source of light, the different spectra can be dis- 
tinguished from one another by certain special cha- 
racters, and at present these distinct kinds of spectra 
are arranged as follows : — 

A spectrum of the first order forms a continuous 
coloured band quite uninterrupted by dark lines, or 
by brilliant lines. The light which produces such 
a spectrum is that which emanates from a solid or 
liquid body in a state of incandescence, but opaque. 
Lime, iron, magnesia, &c., heated to a temperature at 
which they become luminous, give a spectrum of the 
first order. 

A spectrmm of the second order is formed of 
luminous coloured lines, separated by wide dark in- 
tervals. Such a spectrum is produced by gaseous 
sources of light, and according to the nature of the 
gas examined the bright lines vary in number, in 
position, and in colour. Hence it is possible to in- 
vestigate chemically any gases present in a flame, and 
to determine their nature by the lines observed in the 
spectrum of this flame. 

Lastly, a spectmim of the third order is that in 
which dark or black lines interrupt the continuity of 
the coloured band ; such a spectrum is produced by a 
beam of sun-light. Now a few years ago the German 
Professors Kirchhoff and Bunsen explained bow these 
dark lines are produced in the liuninous spectrum. 
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They showed that the bright lines which form the 
spectrum of an incandescent gaseous substance are 
transformed into dark lines when a more intense 
source of light capable of giving a continuous spectrum 
is placed behind the flame. 

Thus the lime-light (or Drummond light), which 
is produced by lime rendered brightly incandescent, 
gives a continuous spectrum, and the faint flame of a 
spirit-lamp burning alcohol saturated with common 
salt gives for its spectrum one single yellow line, which 
occupies the place of the line D of Fraunhofer in the 
solar spectrum ; this line is characteristic of sodium ; 
it is sometimes called the sodium-line. Now if this 
spirit-flame be placed between the eye and the Drum«- 
mond light, there appears at once in the continuous 
spectrum of the latter tlie black line D. It is this 
phenomenon which Professor Kirchhoff calls the re- 
versal of the spectrum of flamm ; and he has found 
that it occurs with all the metallic substances, besides 
sodium, whicb he has been able to examine, A 
spectrum of the third order is, therefore, one produced 
by light emanating from a solid or liquid substance in 
a state of incandescence, but which light has passed 
through a gaseous matter, an atmosphere of absorbing 
vapours, before reaching our eye. 

On generalising these curious resulb* of their ex* 
periments, the two philosophers above named came to 
the conclusion that the black lines with which the 
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Solar spectrum is striped point to the reversal of so 
many bright lines by the presence of a layer of gaseous 
matter placed before the luminous photosphere of the 
Sun, This photosphere acts towards us as the Dnim* 
mond light in the experiment just referred to; a 
gaseous atmosphere envelopes it, and holds in sus- 
pension the vapours of various metallic substances, 
playing the part; of the spirit-lamp flame in which salt 
(chloride of sodium) is volatilised. 

Hence the unexpected and exceedingly interesting 
discovery that by studying attentively the 200() and 
more dark lines seen in the solar spectrum we may be 
able to make a qualitative chemical analysis of the 
Sun’s atmosphere, and determine l)y simple observa- 
tion through a powerful prism of what metals or 
other elernentaiy substances* the globe of the Sun is 
composed. 

For instance, seventy , of the bright lines in the 
spectrum of iron, varying in colour, in breadth, and in 
intensity, coincide so perfectly with seventy dark lines 
of the solar spectrum, that it is impossible to doubt 

* [Elenieutary substances or elements are substances which 
cannot be decomposed into two or more other substances, such 
are sulphur, iodine, iron, silver, sodium, &c , ; they are each cha- 
racterised by one or more lines in the spectrum, and by com- 
bining together in certain definite proportions from all known 
bodies. The art of discovering the presence of one or more 
elethente in a compound or a mixture, by means of the prism, is 
termed — P.] 
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t}iM iron vapoar exists in the Sun’s atmosphere. In 
F%. 40 a eertain number of these lines are seen, 
marhied Pe. In this manner the Sun’s atmosphere 
has been found, by actual observation, to contain iron, 
^JOpper, jsinc, chromium, nickel, magnesium, calcium, 
sodium, and hydrogen ; it is probable that it contains 
also cobalt, strontium, and cadmium. On the other 
hand, neither gold, silver, nor platinum, has been 
detected in it ; it is rather singular that the glorious 
orb to which the old alchymists dedicated gold should 
contain none of the King of metals,* 

These results yielded by the spectral analysis of 
various sources of light lead to the conclusion that the 
solar spectrum is a spectnim of the third order, Le, 
a spectrum produced by a luminous source capable of 
yielding a continuous spectnim, l>efore which source 

* This conclusion deduced from Prof. KirchhoflTs results is, 
Ijowever, too absolute : more recent spectral investigations 
made by the late Prof Mitstherlich show that the presence of 
certain substances in a flame may prevent the spectrum of other 
^ substances being properly observed by extinguishing their 
pnncipal lines. Thus, if a flame containing chloride of stron- 
s llum, and producing the peculiar spectrum of this metah be 
; caused to take up also the double chloride of copper and am* 
ionium, the blue line which characterises strontium ^ disappears 
yat oistoe. [Moreover, if we admit, with the celebrated astrono- 
that all the planets have been formed from the 
#ut», It » tolerably evident that not only all the elements which 
ji^nstitute our Earth exist also in the Sun, but probably many 
Others bei4d«»"^P.3 
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is placed a gaseous absorbing atmosphere. Hence the 
following theory of the physical constitution of the 
Sun proposed by Prof. Kircbhoff: — 

^ The visible portion of the Sun, that which is 
limited by the periphery of the disc, the surface of 
which constitutes the photosphere, is a solid or liquid 
sphere in a state of incandescence. 

‘ This nucleus, the temperature of which is very 
high, is surrounded by a very dense atmosphere, 
formed of the elements which constitute the incan^ 
descent globe itself, whose extremely high tempera- 
ture maintains them in the state of vapour or gas.’ 

If this is the case, the spots can only be accidental 
occurrences outside the photosphere, something pro- 
jecting above its surface. How are they explained in 
this new theory ? In the following manner ; — * 

Prof. KirchlioflF admits that from some unknown 
cause certain points of the Sun’s surface undergo a 
temporary cooling, which has for effect a condensation 
of cloudy matter, such as we observe in our own at- 
mosphere when watery vapour condenses into clouds 
by cooling. A dense agglomeration of vapours in the 
form of clouds, intercepting the rays which emanate 
from the luminous body of the Sun appears to us like 
spots upon its disc. A cloud once formed in thi^ 
manner, acts as a screen towards the higher regioUi, 
hence a cooling efltect ip these regions also, and the 
formation of another cloudy layer Jess dense, lass 
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opaque^ which seen from the Earth has the appear- 
ance of the penumbra that surrounds the spots. 

In this hypothesis the apparent deformations which 
a spot undergoes, as it moves from the Sun’s edge to 
the centre, or from the centre to the edge, are ex> 
plained as an effect of perspective which is repre- 
sented in Fig. 50. 



JPlg. W.~Explani»ti<>n of SuU'Spote in KirchhofTs theory— Solid or liquid 
iuoaudesceot nucleus ; superposed clouds. 


Seen in front the spot will, of course, appear to 
occupy the centre of the penumbra ; but as it travels 
towards the Sun’s edge, that portion of the upper cloud 
situated nearest the centre of the disc, will be projected 
upon the dark nucleus and be confounded with it, 
whilst the other portions of the same cloud nearest the 
limb will appear wider, the visual ray passing through 
the entire tliickness of this cloud which floats above. 
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Such IB the new theory which, as we see, is a complete 
contradiction of the foregoing admitted by Wilson, 
Herschel, and Arago, The former supposed the spots 
to be openings in the photosphere, whilst Kirchhoff, 
renovating the old notion of Galileo, looks upon them 
as clouds suspended in the Sun’s atmosphere. On the 
one hand the polariscope observations made by Francois 
Arago tend to establish that the photosphere is an 
incandescent gas ; on the other, spectral analysis tends 
to prove that it can only be a solid or liquid substance 
in a state of incandescence. 

This is a contradictory state of things which has 
latterly overturned all our ideas concerning the phy- 
sical constitution of the Sun. Before exhibiting the 
attempts wliicb have been made to conciliate the two 
theories, let us examine some of the objections which 
can be raised against both, let us point out their re- 
spective values and their insuflSciency. 

The old theory regards the Sun’s nucleus as a 
relatively cold and dark body. How is it possible, 
then, to explain that the calorific radiations of the 
photosphere which extend to such an enormous dis- 
tance into space are without action upon the neigh- 
bouring layer of inttjrnal atmosphere, and are not con- 
ducted to the Sun’s nucleus itself? It is evident that 
such an intense source of heat which does not appear 
to have diminished in intensity for millions of years 
separated only by a few hundred miles from a cold 
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and dark mass of matter, is a notion completely at 
variance wjth all known physical laws. 

The same theory does not account either for the 
different velocities given for the Sun’s rotation, as de- 
duced from the equatorial spots or from those situated 
in higher latitudes; neither does it explain the unequal 
distribution of the spots in the two zones on each side 
of the solar equator where they appear. 

But the new theory, it cannot be denied, is subject 
to objections quite as serious. If it accounts, like 
the old one, for the eccentricity of the nucleus and 
penumbra of a spot near the border of the disc, it is in 
contraction with positive and numerous observations 
which teach us that the nucleus becomes invisible be- 
fore it arrives at the edge of the disc. It explains 
neither the faculse nor the pores, nor the curious 
granulations known as ^willow-leaves;’ it does not 
tell us why spots are never formed in the polar regions 
and why they are so abundant in the two zones at each 
side of the eKjuator.^ 

After weighing all these difficulties a French astro- 
nomer, M. Faye, lias lately taken up the discussion 
and proposed a new or modified thcwy which, he 
tliinks, enables us to explain all the phenomena ob- 

^ [It must be confessed that those appear to be rather 
weak Objections to Kircbhoff ’s theory in comparison to those 
raised by the author against Wilson’s. — PJ 
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served and is not subject to the objections referred to 
above. 

M. Faye starts from a fact which appears to him 
incontestably established by direct observation, namely, 
that the spots are cavities in the photosphere of the 
Sun. He opposes to Kirchhoff’s tlieory the objections 
we have briefly indicated, and so far pronounces him- 
self in favour of Wilson’s theory. With the partisans 
of the latter he admits that the photosphere is formed 
of gaseous matter, relying upon the polariscope obser- 
vations made by Arago which he deems conclusive 
evidence on this point, the light emanating from the 
edge of the Sun showing no polarisation. But he 
wanders completely from the views entertained by 
William Herschel by considering the entire nucleus 
of the Sun as composed of gas; the hypothesis of a 
cold nucleus appears to him, as to the German phy- 
sicist, to be a physical impossibility. That touch- 
stone of all theories, the phenomena of the spots with 
their dark nucleus and their penumbra, their peculiar 
apparition, and their movements, all that is accounUd 
for in Faye’s theory in the following manner. 

The Sun and all the stars which shine in the 
depths of space, and which, according to the ideas 
generally adopted by modem astronomers, are in no 
way distinguishable from our Sun, would have been 
originally formed ^by the successive combination of 
vast masses of matter imder the influence of attraction. 
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which matter was originally dispersed through space 
in all directions. Hence two immediate consequences ; 
Ist, the destruction of an enormous amount of vis 
viva^ replaced by an enormous development of heat; 
and 2nd, a movement of rotation more or less slow 
aflfecting the entire mass.’ 

A homogeneous gaseous mass such as this, whose 
internal temperature is far higher than the degrees at 
which chemical action begins, having a radiating or 
emissive power of very slight extent, for its radiations 
would, of course, be entirely superficial, and a conduct- 
ing power quite as slight, would have its equilibrium 
disturbed only very slowly and gradually. ‘ Unless, 
indeed, we suppose something more, we cannot see- 
how this mass could emit the enormous amount of 
heat that the Sun radiates now for so many series oi 
centuries apparently without any loss.’ To solve this 
difficulty M. Faye remarijs that the measure of the 
intensity of solar radiation proves that the temperature 
of the surface of the solar globe is far from being so 
high as the internal temperature which his theory 
supposes the body of the Sun to possess. Hence the 
action of molecular forces, of cohesion, affinity, &c., 
which cannot exist in the interior, are capable of 
manifesting themselves at the surface. Hence pre- 
cipitations, clouds of non-gaseous particles, capable of 
passing into an incandescent state. ‘ After a while 
these particles, influenced by gravitation will fail to 
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the lower strata, where they will meet with a tem- 
perature of dissociation,^ whilst they will be replaced 
in the superficial layers of ascending currents of 
gaseous matter, afterwards engulfed in their turn. 
The general equilibrium will thus be evenly disturbed 
in a vertical direction, by a constant change going on 
from the inside to the surface, and as the internal 
mass is enormous compand to this surface, it is easy 
to conceive that the superficial emission of heat, fed 
incessantly by the vast central reservoir of caloric, 
must constitute a state of things of very long endur- 
ance and of great constancy.’ The existence of the 
photosphere is thus explained ; according to this theory 
it is a simple effect of cooling. It remains for us 
to see how it accounts for the spots. 

According to M. Faye the spots are owing to the 
vertical ascending and descending currents just alluded 
to ; where the former predominate the luminous matter 
of the photosphere will be temporarily dissipated. 
‘Through such an opening it is not the “dark,” 
‘‘ solid,” “ cold ” nucleus of the Sun, which is seen, 
but the internal gaseous matter, whose radiating power, 
even at the highest temperature of incandescence, is so 
slight compared to that of the surrounding luminous 

* [Temperature at which chemical action is iinpossitile, or 
at which a body is split up into its component parts. This 
temperature, like the boiling point, or the point of fusion, 
diSfers for each particular compound. — 1\] 
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clouds of non-gaseou8 matter, that the difference is 
quite sufficient to explain the contrast of tint observed 
when the Sun is viewed through a dark glass.’ 

In the next place M. Faye shows that the law de- 
duced from Mr. Carrington’s observations, viz, that 
the different zones of the photosphere are subject to a 
retardation in their revolution which is proportional, 
or nearly so, to the squares of the sine of their latitudes, 
is a consequence of the rupture of equilibrium produced 
by the currents.* 

* * Tlie ascending masses,’ he says, * coming np from a great 
depth arrive at tl>o surface with a linear velocity of rotation less 
than that of the surface itself, because the strata whence they start 
have a smaller radius. Hence, a general retardation in the 
motion of the photosphere, although this retardation is com- 
pensated for, as regards the total mass, by the descending cur- 
rents, so that the fundamental law of the areas is perfectly satis- 
fied. If the photosphere is behiudhaiid in respect to the general 
rotation, the deeper layers to compensate for this will be in 
advance of the general movement. It results from this opposite 
state of things that whilst the photosphere has only a slight 
tendency to approacli the axis of rotation by spreading itself 
superficially towards the poles, a contrary tendency manifests 
itself in the lower strata which will move towards the et|uator. 
The phenomena occur as if the starting-points of the vertical 
onrronts wore upon an inlornal surface more distant from the 
poles than from the equator ; and if the imaginary surface of 
radiation was spheroidal for instance, its depth, and conse- 
quently the retardation of the successive zones of the photo- 
sphere, would vary very nearly as the square of the sine of the 
latitude/ (* Comptes-Eendus de i’Acad. des Sciences,' 1866, i.) 
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Finally, lie endeavours to show that the experi- 
ment of Arago on the non-polarisation of the light 
emanating from the borders of the disc, and those of 
Kirchhoff on the lines of the spectrum, are, perhaps, 
not BO contradictory as some might imagine, Arago 
spoke of a gas, such as coal-gas, in which the solid 
incandescent particles produce the brilliancy of the 
flame,* and not of the obscure flame of a simple gas. 
On the other hand, those who have concluded from 
Kirchhoff ’s experiments that the photosphere is a liquid 
substance ‘have not reflected that incandescent par- 
ticles diffused in a gaseous medium which is itself at 
a very high temperature, would give a continuous 
spectrum, except where black lines occurred resulting 
from absorption by the gaseous medium.’ 

In 1852, M, Chacornac called attention to the fact 
that sun-spots have a tendency to form groups elon- 
gated in the direction of the movement of rotation ; 
those which have the largest and blackest nucleus, 
and which persist the longest fre(|uently precede a 
long train of spots parallel to the solar equator. When 
the group disappears by being covered over by the 
faculfiB which follow behind, it is the spot which is 

* [This is contrary to Dr. Frankland’s experience. This 
distingtiished chemist has, indeed, shown lately that the lumin* 
oeity of flames is not owing to solid matter in suspension ; but 
his experiments were not made when M. Faye published his 
extraordinary theory. — P,] 
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the farthest advanced in the direction of the rotation, 
that disappears the last. This jK^culiar disposition of 
the faculsB behind the spots, that is, to the left of them 
has been confirmed by the observations of Messrs. 
Balfour Stewart and Warren I)e La Rue. Of 1137 
spots which were accompanied by faciite tliey found 
that 584 had these faculse to the left, 45 only liad them 
on the right hand, and the 508 remaining had faculee 
at both sides in the direction of the rotatory motion. 

M. Faye seizes upon the preceding observations as 
confirmatory of his theory. However that may be 
they prove the existence of an evident connexion be- 
tween the phenomena observed and the rotation of the 
photosphere. If, as the English astronomers assert, 
there can be no doubt that the facute are situated 
above the general surface of the phot(»sphere, the 
retardation of these brilliant portions of the disc is 
easily explained by the comMned action of the motion 
which lias raised them to this higher level and that of 
rotation. 

Such is, in a few words, the new theory of the 
Sun. It accounts for a certain number of the general 
phenomena without being able to explain the details, 
for instance, the granulations known as * willow-leaves,’ 
or * ric^-grains ; ' moreover, it is subject to serious 
objections. 

In the first place, it is difficult to realise the idea 
of so considerable a mass of gas, preserving its regu- 
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lar form, especially when this gas is supposed to be at 
such an excessively high temperature. Still, it i« 
true that mathematical analysis applied to the solution 
of the figure of celestial bodies whose integrant mole- 
cules are subject to the law of attraction, and which 
turn with uniform motion around an axis, arrives at 
the solution quite independently of the physical state 
of the body, or rather by supposing that it was origin- 
ally fluid, that is, liquid or gaseous. As to the density 
of the Sun, its specific gravity, which we have seen to 
be equal to the one-fourth of the mean density of the 
Earth, and consequently surpasses by more than one- 
third the sj)ecific gravity of water, it is not incom- 
patible with the notion of the Sun being a gaseous 
body Experiments made many years ago by Cagniard 
de Latour prove that the density of a gaseous body 
may become very considerable when this body is sul)- 
mitted to great pressure, at a temperature which sur- 
passes considerably the point of liquefaction of the 
substance experimented on. 

A more serious objection is that which Professor 
Kircbboflf makes to M. Faye’s theory. 

Faye,’ says be, imagines that the nucleus 
which is surrounded by the photosphere is as hot as — 
hotter even than — ^the photosphere, and yet dark. He 
imagines this nucleus to be gaseous, and having in view 
the slight radiating power of gases, be imagines these 
two properties to be compatible with each other in the 

R 
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Budeus of the Sun. Now from the connexion which 
exists between the radiating and absorbing power of 
bodies, it results most certainly that, even should the 
light emitted by the nucleus of the Sun be invisible to 
onx eye, this nucleus, whatever be its nature, must in 
this case be perfectly transparent, so that we should see 
through an opening in that hemisphere of the photo- 
sphere turned towards us (through the entire mass of 
the solar nucleus), the inner side of the other half of 
the photosphere, and we should experience the same 
luminous sensation as if there were no opening.’ — 
Oomptes Rendus,’ 1867, 1, p. 400.) 

It is difficult to answer this objection ; M. Faye 
thinks, however, that to a medium like the globe of the 
Sun, which is about a million of miles in thickness, we 
can scarcely apply the physical law which establishes 
that the radiating power of a gaseous mass is ne- 
cessarily complementary to, its power of transmission.’** 

^ [For our part wo cannot see how distance or dimensions 
can in any way affect the operation of a physical law. The 
foregoing exposition of M. Faye’s theory of the Sun will give 
our readers some idea of the very slight knowledge we possess 
of its physical constitution, and also how easy it is for men 
of the soundest intellect, and possessed of the most profound 
knowledge of astronomy, to wander towards tlje regions of the 
absurd, when they quit the path of observation for that of 
conjecture. — P.] 
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§ 6, The Prominences of the Sun seen during a Total 
Eclipse. 

Prominences, Corona and Aureola. — Cliemical nature of the 
Prominences ; Spectral Analysis of their Light ; Observation 
of the Eclipse of the 18th August, 1868, by Janssen, Rayet, 
and Tennant. — Consequences deduced from these Observa- 
tions. — Continuous Stratum of Hydrogen enveloping the 
Photosphere. — Connexion of the Prominences with the 
Spots and the Faculse, 

Total eclipses of the Sun are due, as every one is 
aware, to the temporary interposition of the dark disc 
of the new Moon between the Sun and the observer. 
Our satellite in this case acts as an opaque screen, which 
for the space of a few minutes arrests the rays of solar 
light, and prevents them not only from reaching the 
surfcice of the ground, but also all that region of the 
hearth’s atmosphere which is plunged into tlie cone of 
shade caused by the Moon. 

This highly interesting phenomenon supplied for a 
long time only data connected with the greater or less 
degree of obscurity experienced in those regions of the 
Earth over which the lunar shade travelled. However, 
since the commencement of the last century observers 
have remarked that during the short phase of total 
darkness a luminous corona makes its appearance, 
being generally of silver whiteness, but sometimes 
coloured, and surrounds most completely the dark 
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limb. Beyond this corona, the apparent breadth of 
which varies from one-fifth to one-twelfth of the dia- 
meter of the Moon, the light decreases gradually, striped 
sometimes by diverging rays, which give to the pheno- 
menon somewhat of the aspect of the aureola or glory 
which painters usually place around the lieads of saints. 
In the more recent total eclipses also certain luminous 
jets of various shapes, distributed irregularly around the 
periphery of the lunar disc, have been observed. Some 
examples of these luminous phenomena may be seen 
in the figures 51 to 57. 

At the present day it is generally admitted that 
the decreasing brilliancy, the rays and the tufts of 
light, must be classed as phenomena of diffraction, 
owing probably to the passage of the Sun’s rays along 
the denticulated edge of the Mooil* But as regards 
the narrow and regular corona which surrotinds the 
disc during total obscurity, it has been asked whether 
it does not indicate the existence, of a solar atmosphere. 
As for the old hypothesis which admitted that this corona 
wiis the atmosphere of the Moon lighted up by the rays 
of the Sun, it has been proved to l>e unfounded. 

Arago learned towards the opinion which considers 
the corona to be owing to an atmosphere surrounding 
the Sun, and extending to a great distance. In 

♦ [That is to an optical effect, eoch as we experien^ when 
we look at the fiame of a camile with tl»e eyes nearly closed, so 
that the rays pass through the eyelashes. — 1\} 
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order to verify this supposition, he endeavoured to 
ascertain whether or no the light in question was 
polarised, but neither his own observations nor those 
of other astronomers led to any decisive conclusions 
on this point In 1858 M. Liais found that the light 
of the corona is really polarised, and at once concluded 
that the Sun has 
an atmosphere ex- 
, tending far l)eyond 
the photosphere. 

There are, how- 
ever, other reasons 
which induce us to 
believe in the exis- 
tence of such an 
atmosphere. In the 
photographs of the 
Sun, obtained at 
the Kew Observa- 
tory, a very notable difference of intensity is observed 
l)etwejen the borders and the centre of the solar disc, 
we have already referred to this difference, which is 
easily explained by admitting that the rays emanating 
from the photosphere travel through an absorbing at- 
mosphere ; for from the edges of the disc the distance 
travelled by the rays of light to reach us is very much 
greider than from the centre, *It Is worthy of re- 
mark that the temperature of this atmosphere must be 



Fig — lotal Et^iiyxK) cf tho S»m, 8th July, 1842. 

FrcuQlnouce« cuui Aureola. 
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lower than that of the photosphere, otherwise the 
absorption which it occasions would he counterbalanced 
by its own radiation/ (De la Eue, Stewart, and 
Loewy, * Besearches on Solar Physics/) 

Let us now refer to the phenomenon observed 
since the year 1842 in most of the total eclipses of the 
Sun, phenomena which are of the highest importance 
in the investigation of its physical nature. 



In the figures 51, 
52, 53, and 54, 
may be seen ir- 
regularly situated 
around the dark 
limb of the Moon 
a certain number of 
appendages, some- 
in form like moun- 
tains, like peaks, or 
pyramids ; others 
rising likecolumns 


of the July, 1851 , by Dawea. Bometimes Verti- 


cal, sometimes bent or inclined, and occasionally de- 
tached entirely from the edge of the disc, and floating 
nbove it. It is to these luminous appendages, of a 
reddish or rosy tint, that the appellation of premia 
nencm (or red protuberanceey red clmda^ red JlemeSi 
&c.) has been given. Now what are these singular 
appedranees? Are they real objects or opitical il- 
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lusiom? Do they belong to the Moon or to the 
Sun? 

AE these questions have been asked and responded 
to in various ways, but now-a-days there exists no 
doubt as to their being real objects, and it is equally 
certain that they belong to the Sun, or at least to 
those regions of space which immediately envelope the 
the Sun’s photo- 
sphere. We have 
many decisive 
proofs of this. 

Onexaminingthe 
remarkable photo- 
graphs obtained in 
July I 860 , by War- 
ren de la Rue (fig. 
do), it was almost 
possible then to 
give a decisive an- 
swer. Two of these 
photographs re- 
present the phenomenon as seen, after the commence- 
ment of total obscurity, and a little before the end 
of the same phase ; and it is observed that the dark 
disc of the Moon which first masked the prominences 
on the side of first contact, allowing those on the 
opposite side to be seen, produced a contrary effect 
by its motion across the solar disc, so that near J:he 



Fig. 03.— of tiiii Suu on tbu TUi Iskjpt. 
. wcmSug to U, Liuls ; tuan of Light iiud 
Promiiiottooft. 
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end of totality the prominences first seen were masked 
in their itwn, whilst those opposite became virible. 
Tliese appearances would be impossible if the append- 
ages in question belonged to the Moon, whilst they 
are easily explained if we suppose that they cover the 
surface of the Sun. 


But very satisfactory proofs that the prominences 



are realities and 
not optical illu- 
sions, and that 
they belong to the 
solar globe, were 
furnished by the 
observations of the 
magnificent total 
eclipse observed in 
India on the 18th 
August, 1868, and 
spectral analysis. 


Fig. M.— Total Kdipno of ihe ISth 1860. 

ola» Coronm and Frami»«no«% Itom a Di^wing ' 


a|>|»lied in an in- 


genious manner 

by Messrs. Janssen and Loekyer, bats also contributed 
to this result. The study of the solar prominenees, 
thanks to these distinguished astronomers, is no longer 
limited to the riiort duration d a solar eclipse ; :^y 
may phiwi^ at any period of the year, «ad 
this fikot ’ proves evidently that they 
entirriy and that the iniu|>ori%lon of 




Commencetnent of of Totality. 

Fig. &!>.~Solar Protoincuces ecco during iht Tc4ul Eclipse of the 18th dnly» 18€0, draaiuga by Worrcii do la Rue. 
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the lunar globe has nothing to do with their pro- 
duction. 

Let m now notice a few details of the more recent 
and important observations. 



1%. 5$.-*>Total Scli}>ae of tho 18th August* 1888» OfttOoiui Ptomlnencos toon 
the eommencemoot of ftom Oiftwiiift mka» ftt Ouatoor, lad 

(llitjor Titmant.) 


a glance at fig. 56 will be seen two groups of 
proaninencee, just as tbej ^owed themselves to the 
observers ^f tbe eclipse, from Aden to llfolacmk, M the 
oommehcemoQt of totadity (total obscuretion). * One 





The Sol(pr Prommenoea, 


251 


of thm/ a«y« M. Janssen, on the left, has a 

height of at least 3^ ; it resembles the flame of a foige* 
fire, rising violently ftbm the interstices of the combus- 
tible whence it is forced by the violence of the blast. 



Pig, Total leliiMW of the iStti Aiigtiat, ISes. Oaaeotia Prontioaikoaf Mon at 
the end of Totality. (Mi^or Tennant). 


The prominences on the right (western edge), appear 
like a mass of snow-capped mountains, the bases of 
wh«^ rest on the limb of the Moon, and lighted up by 
the rays of a setting Sun.’ 
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When the movement of the solar disc had masked 
from view this first group of prominences, and just as 
the totality was about terminating, some others showed 
themselves on the opposite edge of the Sun : they are 
those which are represented on fig. 57, and form around 
the solar globe a denticulated and continuous series of 
projections of very curious appearance. * In the large 
telescope,’ says M. Stephan, another observer of this 
eclipse, ‘the prominences were seen very distinctly; 
their colour was that of red coral, slightly tinted with 
violet They all appeared to be adherent by their 
bases, and none of them floated, detached at a certain 
distance from the Moon, as was observed in 1851 and 
I860.’ 

Besides the existence of prominences and their 
evident connexion with the solar disc — data which had 
been established already by observing previous eclipsc^s 
— that of an exceedingly brilliant diaphanous layer or 
stratum was remarked, showing itself immediately after 
the second contact, and again a few seconds after the 
third contact. In 1860, shortly after the commence- 
ment of total obscurity, and a little before its termi- 
nation, this same transparent layer had l)een observed, 
and it must not be confounded with the corona ; whilst 
the light of the latter is white, the layer mentioned 
here appeared of a purple red colour to Le Verrier 
and Ismail, who observed the eclipse of 1860. It had 
various heights of 8, 10, and 15 seconds from the edge 
of the Sun. 
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We now arrive at the most important of the obser- 
vations made on the 18th August, 1868, those which 
have chiefly occupied the attention of astronomers, 
namely, the investigation, by means of spectral ana- 
lysis, of the light emitted by the prominences, calcu- 
lated to supply data for determining their physical 
nature and their chemical composition. 

All the observers of this eclipse who used the spec- 
troscope, M. Rayet, Lieut. Herschel, Major Tennant, 
and M. Janssen, found that the spectrum given by the 
prominences was formed of a certain number of bright 
lines. Lieut. Herschel noted three such lines, a red 
one, an orange one, and a blue one. Major Tennant 
counted five situated near the ordinary lines of the 
solar spectrum (Fraunhofer’s lines), C D E F G. M. 
Rayet saw no less than nine, among which he noticed 
that five were much more intense than the others. 
M. Janssen remarked five or six very brilliant lint^s, 
red, yellow, green, blue, and violet, and he imme- 
diately recognised that the red and the blue lines 
coincided with the dark lines C and F of the solar 
spectrum, — lines which are characteristic of hydrogen 
gas. 

This had no sooner occurred than M. Janssen 
thought these rays might be visible without an eclipse, 
and sought to observe them the next day. On the 
19th August, in the morning, in fact, he saw them 
again, by directing the spectroscope to the edges of 
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the Smu But Mr» Lockyer, iu England, had already, 
some two years before,^ intimated the possibility of 
making such an observation, and on the 20th October, 
1867, when he learnt what rays had been given by the 
prominences during the eclipse of the 18 th August, he 
succeeded, at London, in seeing several of them. In 
the meantime M. Janssen and several others, to whom 
this new fact was made known, followed up these ob- 
servations, and although there still remain certain 
doubtful points, the following facts may be considered 
tolerably certain. 

1. The prominences (or protuberances) belong de* 
cidedly to the Sun. Of this, m we have amply shown, 
there cannot exist the slightest doubt. 

2. The prominences are of a gaseous nature ; that 
is, they are composed of an incandescent gas, princi- 
pally hydrogen gas, but they contain, doubtless, other 
substances, perhaps substances tliat are unknown on 
the surface of our Earth, at least such would appear 
to be proved by the existence of a brilliant line in tljeir 
spectrum, near to the yellow line of sodium, but not 
coinciding with the latter, and moreover, most curious 
to relate, it does not coincide with any dark ray of the 
solar spectrum. 

8, The matter which forms the prominences is of 
veiy great extent, whether it spreads over the entu*e 

• [In an article contributed to ‘ Mactnillan^s Magazine/— P.J 
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photosphere or not; it forms a continuous layer« the 
thickness of which is estimated by Mn Lockyer at some 
5000 miles on an average, and the prominences appear 
to be only portions of this layer projected to a certain 
distance from it, sometimes detached from it, and 
floating above it. The great prominence represented 
in fig. 56 measured upwards of 100,000 miles in vertical 
height above the photosphere. 

4. These stupendous accumulations of incandescent 
gas undergo, in very short intervals of time, very great 
changes in their form and size, which indicates that 
the layer of gaseous matter of which they form part is 
in a state of constant agitation, the cause of whicli is 
unknown ; perhaps it is the same that gives rise to the 
spots and faculm.’**' 

It now remains to clear up certain doubtful points, 
including many questions which both ancient and 

* [Quite recently Mr. William Huggins has succeeded in 
seeing a solar prominence so as to distinguish its form, A 
spectroscope was used ; a narrow slit was inserted after the 
train of prisms contained in the instrument, and before the 
object*gla88 of the little telescope. This slit limited the light 
entering the telescope to that of the refrangibility of the part of 
the spectrum immediately about the bright line coincident with 
C. Tlie slit of the spectroscope w-as then widened sufficiently 
to admit the form of the prominence to be seen, but the spec- 
trum then became so impure that the prominence oouid not be 
distinguished. Tlie idea then occurred to the author of this 
ol^ervation to absorb a great part of the light of the refrangi- 
bilities removed far from that of C by means of a piece of deep* 
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modem observations have raised, but left unan- 
swered. 

For instance, does there exist a physical connexion 
between the spots — the black nuclei and penumbra — 
and the prominences, as the recent obseiTations of 
Professor Secchi would tend to prove ? Before the 
last total eclipse of the Sun this was denied ; it was 
remarked that the prominences were seen in every 
degree of latitude, whilst the spots do not extend 
beyond a certain limited zone. However, it was no- 
ticed during the eclipse of the IStli August, 1868, that 
fsculse existed on the borders of the Sun’s disc close to 
two groups of prominences. Again, on the 24th and 
27th February, 1869, Padre Secchi saw two magnifi- 
cent prominences shining at a point whe^e two very 
brilliant faciilsB existed near the edge of the disc. 
Are not these brilliant spots, called faculse, produced 
by the accumulation of the rose-coloured matter 

coloured ruby glass, when the prominences became distinctly 
visible. In the ‘Scientific Review,’ for Ist June, 18G9, it is 
stated that M. L. Hugo has invented an instrument called a 
liyrhdio%cope^ which permits an observer to see the whole of the 
solar prominences at once. * It is a kind of spectroscope en- 
dowed wuth an angular rotatory motion ; the angle of the cone 
described is equal to, the apparent diameter of the Sun. The 
rotation is rapid enough to permit the pemsteiice of the succes- 
sive visual impressions on the retina, so that the succession of 
spectrofscopic linages fonns a circidar halo round the disc of the^ 
Bun, which appears dark as in a total eclipse, and surrounded 
by tlie prominences in their true positions.’ — P. j 
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push^ away by the eruption which gives birth to the 
spots ? 

Now, is the incandescent atmosphere, diffused with 
various thickness all over the photosphere, the only one 
which exists around the Sun ? Do the prominences 
rise into a vacuum or into an atmosphere which is per- 
fectly transparent ? It yet remains for us to ascertain 
what medium causes the reversal of the bright lines by 
the absorption of a certain number of the rays of light 
emitted by the photosphere. Is it the continuous rose- 
coloured stratum, much less thick than those parts of 
it which are uplifted in the form of prominences or 
clouds, but probably much more dense ? The inten- 
sity of the light of the photosphere, the spectrum of 
which is considered to be continuous, can only be 
caused, according to the reigning ideas in science, by 
solid or liquid matter in an incandescent state. Hence 
the hypothesis of a solid or liquid nucleus, as proposed 
by Herr Kirchhoff, or of a gaseous nucleus surrounded 
by clouds of solid or liquid particles or of dust, as sup- 
posed by M, Faye. Now, the recent experiments of 
an English chemist, Dr, Frankland, lead us to believe 
that a continuous spectrum may be given by a mass of 
gaseous matter in a state of incandescence, if submitted 
to great pressure and at a very high temperature* Its 
light would be so much the more intense the greater 
the pressure and the higher the temperature. Now, 

s 
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at the Sun’s surface gravitation is so intense that the 
pressure exerted by an atmospheric stratum some 
thousands of miles thick must necessarily produce 
an enonnoiis effect.* 

All tliese questions suggest themselves since the 
recont and highly important discoveries, the results of 
which we have condensed into a very small space, were 
made; and it is very probable that the investigation 
of tlKJ physical and chemical constitution of the Sun 
will soon make rapid progrem Bui we must draw no 
hasty conclusions ;f with our new methods of obser- 
vation new facts are being rapidly accumulated. We 
must wait until they are more numerous and concilia- 


* {Dr. Frsnkland^s experiments, to which we have already 
referred in a previous note, have been published in the ‘ Philo- 
sophical Magazine/ vol xxxvi. p. 309. — P.] 

f For this reason we only mention cursorily an hypotliesis 
on the constitution of the Sun, made known lately by Mr. W. 
Q liman, of Kew York, according to whom the nucleus is an in- 
candescent solid or liquid, surrounded by the pliotosphere, and 
around Uiis again by an atmosphere which is only visible during 
an eclipse, when it forms the corona. The spots would be due 
to masses of scori® which collect at tlio surface of the nucleus 
and determine a very intense electrical action. Hence holes or 
perforations in the photosphere, caused by tlie dedagration of 
gaseous masses and production of spots, whose centres appear 
black by contrast. Tliis hypothesis, of which we can only give 
here a general idea, lies halfway between that of Wilson and 
that of Kirchhoff. 
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tory before we can discuss the consequences. At the 
moment at which we write the different theories which 
we have examined are being warmly discussed and 
submitted to a strict revision, which will, perhaps, allow 
only certain fragments of them to subsist hereafter. 
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CHAPTER VII. 

Maintenance of Solar Radiation. 


§ 1. Ok Heat at Tiirs Sokpace of the Sun and in its 
Interior Mass. 

Temperature of the various Regions of the Solar Globe. — Calo- 
rific Radiation from the Centre and Borders of the Photo- 
sphere, from the Faculcc and the Spots. 

The force of the heat radiation of the Sun has been 
approxiinatidy measured, as we have already seen. But 
the data thus obtained give us no notion of a very 
important subject, namely, the intrinsic temperatui'e 
which reigns at- the surface of the immense sphere or 
in the depths of its substance. If this problem could 
be solved, it would teach us whether there is any 
analogy between this immensely powerful source of 
heat and those sources with which we are acquainted 
on the surface of tlie Earth, originating in electrical 
and chemical action. 

Unfoilunately, we are reduced to conjecture on this 
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head, because certain elements of the question are 
still wanting* We should know the emissive power of 
the Sun, and all we can do in the absence of this 
knowledge is to suppose it comprised within certain 
limits* That was the course taken by M. Pouillet, 
who arrived at the following conclusion: — Supposing 
the emissive (radiating) power of the Sun to be ex- 
pressed by unity (= 1), its temperature is at least 
1461^ centigrade, which is about that at which iron 
melts; it would be 1761® C., if we suppose the 
radiating power of the Sun to be analogous to that of 
polished metals. 

In M. Faye’s hypothesis, which considers the entire 
mass of the Sun to be gaseous, the temperature of the 
internal strata is supposed to surpass very considerably 
that at which chemical action can manifest itself. 
But, in liis opinion, wliatever this temperature may 
be, tJie emissive power of the mass must be very weak, 
and its radiations entirely superficial, as each strata 
would possess a special power of absorption towards 
the rays emitted by the deeper strata* * In fact,’ says 
he, ^ the temperature at the surface of the Sun is far 
below its internal temperature* M. Pouiilet’s mea- 
surement of the actual intensity of solar radiation has 
enabled Sir William Thomson to conclude that the 
heat emitted is only from 15 to 45 times higher than 
that which is developed in the fireplaces of our 
locomotives.’ 
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The spectroscopic observations made during the 
total eclipse of the 18th August, 1868, and since then, 
have shown that there exists above the photosphere an 
immense stratum of hydrogen gas in an incandescent 
state, estimated by Mr, Lockyer to extend to a height 
of 5000 miles; above this stratum rise from time to 
time gaseous columns of like nature, which form the 
red prominences. If we apply to the combustion 
of these masses the data furnished by the combustion 
of hydrogen gas in the laboratory, we must conclude 
that the heat of the Sun — at least that of its external 
surface — cannot be less than 2500° C. 

According to the observations of Padre Secclii, it 
would appear that the various regions of the Sun’s 
surface have not all the same degree of temperature. 
Besides the differences noted between the borders and 
the centre, which is solely attributable to atmospheric 
absorption, there is another existing between the polar 
and the equatorial regions, the latter are said to be 
hotter than the others; moreover, the northern and 
southern hemispheres of the Sun would also appear 
to differ slightly in temperature. Herschel formerly 
supposed that one hemisphere radiated more light and 
heat than the other; but he meant the two hemi- 
spheres which are successively presented to the Earth 
during the Sun’s rotation, not those separated by the 
Sun's equator. 

The director of the Eoman Observatory has also 
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compared the temperature of the spots with that of 
the more lumiuous p^ts of the photosphere, and with 
the faculse; he finds that the spots are the cooler?! 
portions of the surface, but that there is no appre- 
ciable difference between the temperature of the 
faculae and of the photosphere in general. M. Cha- 
comac has also noted that the spots have a lower 
temperature than the other portions of the disc; but 
he states that the faculse which follow a spot are at a 
higher temperature than the rest of the photosphere. 

Let us not forget that, in all this we do not speak 
of the actual temperature, properly so called, of the 
varioiis regions compared together, but of their relative 
powers of tmnsmitting heat to us. To ascertain their 
actual temperature we must first know the radiating 
power of the various regions of the photosphere, of the 
spots, and faculse, which we do not. ' It is, therefore, 
(piite possible, as M. Faye’s theory requires, that the 
inside, or nucleus, of a spot is really much hotter than 
the luminous portions of the photosphere: it would 
suffice, for this, that this inside was composed of a 
gaseous incandescent mass of little or no nwiiating 
capacity. 
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§ 2. Is THE Sun getting colder ? If not, How is the 

CONSTANCY OF ITS RADIATION TO BE EXPLAINED? 

Solar Radiation cannot result from ordinary Combustion. — Va- 
rious conjectures on this subject ; Heat developed by Rota- 
tion; by Palling of Meteors. — Helmholtz’s Theory ; origin 
of Solar Light and Heat. — Transformation of Gravitation 
by gradual Condensation of the substance of the Primitive 
Nebula. 

If tlie mind is bewildered in calculating the 
myriads of myriads of centuries which must have 
elapsed since the solar nelmla was condensed into an 
incandescent mass, and since the formation of our 
Earth to the present time; if the few hundred thou- 
sand years which probably measui'e the existence of 
the human species upon the globe aie only as a second 
of time in the life of the Sun, where shall we find an 
argument which may assure our posterity that the 
Sun — the common father of our planetary world — is 
subject to the law that governs all things which 
exist ; — that as it was bom, developed, lived, and still 
lives, a time will come when all its powers having 
been gradually dissipated into space, it will pass from 
the state of a radiating star into that of a dark glebe, 
and thus end its existence? Will it ever be possible 
for mankind, by the aid of some peculiar phenomenon. 
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some hitherto unknown or unheeded manifestiition, te 
measure a single phasis of this existence, a single 
minute of this life ? 

The Sun appears to us, it is true, as a primitive 
radiating source, finding in itself the energy of its 
own light and heat. But the time has fled since it 
was considered to be a pure fire, inexhaustible and 
imperishable, the time when belief in the incor- 
ruptibility of the heavens — coela incorriipta — was 
cherished. At the present day we know that radiation 
of heat and light represents a real loss as regards the 
body whence this radiation emanates, and that if 
notlnng supplies the place of this loss, if nothing 
maintains the combustion or the incandescence, a 
moment must come when siu^h a source will be 
completely extinguished. 

In the first place can we, arguing from the data 
we possess on solar radiation, assert how much its 
temperature is lowered in a year, in a century, in any 
given period ? Pouillet considered this problem ; and 
at the same time be showed that we cannot solve it. 
In order to do so, we must be acquainted with two 
elements of the Sun’s physical constitution, namely, 
tl# conducting power of the substance of which its 
jlP^obe is formed, and its specific heat. On the sup- 
position of a perfect conductibility, and admitting that 
the specific heat of the Sun is 133 times greater than 
that of water, Pouillet was led to the conclusion that 
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the temperature of the Sun would sink 1 -100th of a 
degree (centigrade) per annum, or C. in a centnry. 
In 10,000 years it would have cooled, then, to the 
extent of 100°. 

Now, has the Sun cooled at all since the earliest 
historical periods ? Nothing, as far as we know, per- 
mits us to reply affirmatively to this question when 
we look back through the records of the few thousand 
years embraced by history. It may be that, some day, 
the past history of our planet will throw some light 
upon this problem ; but it must not be forgotten that 
a demonstrated change of climate or of the mean 
temperature of the Earth, may find its explanation 
in certain terrestrial phenomena as well as in a vari- 
ation of the intensity of solar radiation : the problem 
will always be a very complicated one to solve. 

We are authorised to state, however, that for some 
thousand years past no appreciable diminution has 
occurred in solar radiation ; hence, we must conclude 
either tljat the cooling process is much slower than in 
Pouillet’a supposition, or, that the Sun’s beat is con- 
stantly maintained by some means with which we are 
totally unacquainted* We have just seen that if the 
loss of heat is not supplied the Sun would cool 100^ 
C. in a century ; and this is supposing it to possess an 
enormous specific beat: if the latter were no greater 
than that of water, it would not be 100° but 14,000^ 
that ihe Sun would cool in a century : which is as much 
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as to say that in this short space of time it would be 
entirely extinguished. 

According to Professor Tyndall, no kind of com- 
bustion, no chemical affinity, with which we are ac- 
quainted could maintain solar radiation. The che- 
mical agency of the substances of which we have any 
knowledge is too weak, and they would be too soon 
dissipated into space. If the Sun was a mass of coal 
and was supplied with enough oxygen gas to make it 
burn with its actual degree of intensity, it would l)e 
entirely consumed in about 5000 years. 

The question remains then as it was, and we are 
naturally led to inquire how the constancy of solar 
light and heat is maintained, or what keeps up this 
prodigious intensity ; for the mass of the Sun, however 
enormous, does not suffice to explain its permanent 
state of incandescence during a long series of centuries, 
if we consider it as a combustible body feeding upon 
itself. 

Several hypotheses have been proposed and dis- 
cussed on this head; W’e will take a rapid glance at 
them. 

It has been said that the Sun turning upon its 
axis in 25 days, its surface must rub against the 
medium in which it turns. Hence its light and its 
heat, developed by transformation of this friction. 
But what can this matter be which presses thus like 
a railway-break against the periphery of the solar 
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globe ? Is it that which physicists call * Ether ? ’ 
Huch a supposition is evidently inadmissible ; for its 
action would be felt by the various planets with much 
greater intensity, since their rotation, and especially 
their translatory motion in the orbit is much more 
rapid* Moreover it has been calculated that if the 
entire force of the Sun’s rotation were converted into 
heat, it would only supply the actual amount of radia- 
tion for about a couple of centuries. This hypothesis 
may, therefore, be dismissed at once, as insufficient in 
itself, and, moreover, as being in contradiction with 
observation ; for, during the kst two centuries no 
diminution in the velocity of the Sun’s rotation has 
been observed. 

A second conjecture, or opinion, defended vigor- 
ously by Mayer, Waterston, and William Thomson, en- 
deavours to explain the constancy of the Sun’s light 
and heat by the fall of meteors or aerolites upon its 
surface.** 

Around the Sun a multitude of bodies gravitate. 
Some, like the planets actually known to us, describe 
orbits whose longer axes are nearly invariable, and 
have been so, since the earliest historic periods. We 

^ See Mayer, ‘ Dynamik des Himmels Waterston, * Report 
of Brit. Assoc. 1853 W. Tliotnson, * Transactions of the Royal 
Society of Edinburgh, 1854 ;* also T. L. Phipson, * Meteors, Aero- 
lites, and Filing Stars,’ pp. 173 and 212. London, 1867, where 
this Cptnion is objected to. 
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know, even, that the theory explaining the perturba- 
tions which they exert one upon the other, assures us 
this invariability must be maintained for a long series 
of centuries; and this proves to ua that the medium 
in which they move can offer scarcely any resist^ince to 
their motion. Besides the planets, the number of 
which is now 116, there exist a multitude of comets, 
probably millions, that describe very much more elon- 
gated orbits, and whose masses, comparatively small, 
render them liable to experience considerable resists- 
ance. The comet of Encke, for instance, approaches 
visibly to the Sun as the length of its period dimi- 
nishes, and if this acceleration continues, the day will 
come when, after describing a spiral course round the 
central orb, the comet will precipitate itself on to the 
surface. Other smaller bodies circulate in much 
greater numbers round the solar globe. We allude to 
those called meteors or falling stars, which, at certain 
periods of the year, appear in swarms, and grazing the 
atmosphere of the Earth with planetary velocity, take 
fire, and sometimes fall to the surface of our globe. 
These swarms, the streams of which have been recently 
assimilated to, or perhaps identified with, cometary 
masses,^ appear, some of them, to describe parabolic 

^ The ingenious theory of the Italian astronomer, Signor 
Schiaparelli, Director of the Observatory of Milan, explaitiH the 
periodicity of shooting stars by the passage of the Earth 
through long streams of small bodies vrhich solar attraction 
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curves, which indicate that they visit the regions of 
our Sun for the first time, whilst others move in more 



tig. &8. —Zodiacal Light. Direction of its Axis. 


or less cilongated ellipses. Gradually these masses, 
individually very small, undergo the same resistance 

causes to describe parabolic orbits^ analogous to cometary orbits. 
The comets themselves, in his opinion, are nebulosities of the 
same kind; some of which end by circulating periodically 
around the Bun, and remain attached to our solar world. 
We shall say a few words on this new and important theory 
further on. 
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that accelerates the comet of Encke, approach the Sun, 
and by their vast numbers inci*ea8e the density and 
resistance of the medium in which they move. Such 
would the cause of that peculiar luminosity known 
as the zodiacal lights the plane of which coincides 
nearly with that of the ecliptic or the solar equator, 
and which spreads itself in the form of a lenticular 
zone to a distance from the Sun equal at least to the 
mean distance of the Earth. 

All these meteors, or rather, these streams of me- 
teoric matter, circulate round the focus whose light 
they reflect ; but at the same time, by their collisions, 
and by the resistance they oppose to each other’s move- 
ments, their translatory velocity is accelerated, so that 
we may conceive a constant stream of them nishing 
incessantly to the Sun, a constant shower of meteors, in 
fact, upon its surface. ’ 

Supposing such a thing to occur in reality, does it 
account for the constancy of the solar light and heat ? 
On the one hand, it supposes an increase of substance, 
an increase of combustible matter ; and on the other 
(and this was considered the strong point of the theory), 
the fall of each meteor occasions at the Sun's surface, 
by the simple transformation of its accelerated velocity 
into heat, a degree of temperature very considerably 
greater than that due to the combustion of its sub- 
stance. 

Dr. Tyndall says it is easy to calculate the maxi- 
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mum and minimum velocity communicated by the 
Sun’s attraction to an asteroid circulating round it; 
the maximum occurs when the asteroid approaches the 
Sun in a straight line, coming from an infinite dis- 
tance, for then the entire force of attraction acits upon 
it without any loss ; the minimum is the velocity which 
would be merely capable of causing to revolve round 
the Sun a body in close proximity to its surface. The 
final velocity of the first body would be 392 miles per 
second, that of the second 271 miles. The asteroid 
striking the Sun with the first of these velocities would 
develope more than 9000 times the heat produced by 
the combustion of an equal mass of coal.* 

It is, therefore, completely unnecessary to imagine 
that the substances supposed to fail on the Sun must 
be combustible ; this property would add nothing, or 

* According to Sir W. Thomson^ tlie following table ex- 
presses the heat that would be developed at the Sun’s surface by 
the fall thereon of the eight principal planets, supposing them to 
fall in a straiglit line ; the quantity of heat is expressed here by 
the period during which they would maintain the present degree 
of solar radiation : — 


Mercury 

Tears, Days. 

6 2U 

Jupiter ... 

Yoars. 

32,240 

Venus 

. 83 

227 

Saturn ... 

9,650 

The Earth.. 

. 94 

303 

Uranus ... 

1,610 

Mars 

. 12 

262 

Neptune... 

1,890 


So that all these planets together, in falling upon the Sun in 
a straight line,^ould only maintain its heat for a pcricwi of 
45,58H years, a mere nothing ! 
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scarcely anything, to the enoroious temperatui’c deve- 
loped by their collision — by the mechanical shock 
alone. 

Wo have then here a mode of heat-production 
which would suffice to restore to the Sun that whicli 
it loses by radiation, and to maintain at its surface a 
temperature which would surpass that of any earthly 
combination. The properties of the solar rays and 
their power of penetration into bodies authorise us to 
look upon the temperature of the source as something 
enormous ; and in the falls of meteors, says Tyndall, 
we have the means of producing this excessive temper- 
ature. It may be objected, that such sluwers of solid 
matter must increase the volume of the Sun ; and this 
is true, but the ^.juantity of matter necessary to produce 
the actual radiation, even if it should have accumulated 
for the last four thousand years, would escape ol,>8crva- 
tion aided by our most powerful instruments. If the 
Earth fell into the Sun, the increase of volume woiild 
still be inappreciable ; nevertheless, the heat produccnl 
by the shock would supply that radiated by the Sun in 
a century. The fall of the Moon on to the Sun’s sur- 
face v^uld supply the Sun’s loss of heat for one or two 
years, and its volume is only the l-64,QOO,OOOth of 
that of the Sun.^ 

* Moreover, if the San, by constantly attracting meteors to 
its snrfice, increased in volume and mass, still its iucessant ra- 
V diation, as constantly lowering its temperature, would occasion 

■ .T 
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Such is the hypothesis known as the meteoric 
theory of solar heat, »a very ingenious theory, and one 
which is physically very truthful in appearance, as it 
is based upon a fact and a principle which are at the 
present day acknowledged in science, namely, the 
transformation of mechanical motion into heat.^ Never- 
theless, one of the three authors of this theory, Sir 
W. Thomson, has abandoned it, as being incompatible 
with a well^ascertained fact — the impossibility of the 
eiistence of a resisting medium in the immediate 
neighbourhood of the Sun* In fact, several comets, 
those of 1680 and 1843, for instance, have passed so 
near to the Sun’s surface when at their perihelion, that 
they would have experienced very considerable pertur- 
bations fn their motion if any dense medium, such as 
that supposed by the meteoric theoory, existed in reality. 
But such a medium is not essential to the theory, since 
the same cause which accelerates the motion of Encke’s 
comet — and this acceleration, as well as that of Faye’s 
comet, is a well-observed phenomenon^ — is capable, in 
the long run, of precipitating meteoric streams on to 
the Sun’s surface. 

a contraction of vohtme, so that whilst they «ii|>plied the of 

light, and heat, the ineteoiic bodies would compensate for its 
o<Mi£tiacted volume. Its mass and its density alone wouM in- 
craaae continuously. [In my work on * Meteors,* 4fcc., p. 212, 1 
have alluded to die that such an augmentation of mass 
w^uid neoesMtate an imceleration in planetary revolnti<m*--^P.^ 



Maintemanee of Solar Radiation. 


275 


However that may be, if the meteoric theory of the 
constancy of solar light and heat were admitted to be 
true, two consequences might be deduced from it which, 
perhaps, deserve to be mentioned. 

The first is suggested to us by Professor Schiapa- 
relli’s theory of the periodicity of meteor-streams. In 
his opinion the origin of this periodicity is withovt the 
solar system, like that of a certain number of comets : 
they are nebuhnis masses which the attractive force of 
the Sun draws into its sphere of activity, and which 
come from the depths of interstellar space^ describing 
a parabolic curve around the focus of our world, and 
after having passed in long streams for many successive 
years, returning into distant space >vhenoe they came^ 
Some of them thus escape, perhaps, from the Sun’s 
attraction; others are deviated from their primitive 
orbit by the action of the planets they approach, which 
transforms their parabolic course into an elliptic one, 
and thus enriches the solar system. If this be the 
case, and if we remember that the Sun itself travels in 
an immense orbit, the focus of which is unknown, the 
vast incandescent solar globe may be represented as 
ravaging space to contribute to its own powerful sub- 
stance, like the great fish that traverse and depopulate 
the waters of the ocean. Hence the Sun would not be 
reduced to feed upon the comparatively imall amount 
of meteoric matter that exists at any given moment in 
its immediate neighbourhood, and it is ea^gy to conceive 
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that as fast as it devours these legions of meteors other 
provisions of them are made for tlie future, and so on 
ad infinitum. 

Another remark that miglit be discussed is this ; — 

Would not the fall of meteoric streams on to the 
surfac(i of the Sun account for the phenomena of sun- 
spots ? l^p to the present time, as far as we know, 
these spots hawi been explained by npp(}aling to the 
innermost strata of the central orb ; at least the only 
external origin that biis been proposed to explain tliem 
is tlie influence of the planets. 

We have exposed the various hypotheses brought 
forward on tliis subject ; here we must add one more : 
— Suppose a mass of meteors precipitated on to the 
solar globe with the considerable velocity which ani- 
mates each of tliesc corpuscles, is it not probable that 
it would produce a hole in the luminous photosphere, 
wliich excavation would be in proportion to tiie breadth 
of the stream ? If the shower only lasted a short time 
the spot would be of short duration, but if the stream 
were a very long one, the excavation or spot would last 
much longer. The configuration of the spots, the 
nuclei and other phenomena, would be explained in 
this hypothesis, as well as in any of those wdiich admit 
that the spots are excavations in the photosphere. 
Moreover, the limited zones in which sun-spots appear 
would be connecleii with the inclinations of the ori- 
ginal orbits described by these swarms of meteors 
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l>efore their precipitation on to the surface of t]ie 
Sun* * ***^ 

To conclude what we have to say of the constancy 
of solar radiation, it remains for ns to examine a theory 
which explains its maintenance ))y the transformation 
into heat of gravitation — the force which formerly con- 
densed into a single niiclens the molecules of the ori- 
ginal nebula. At first these molecules were relatively 
at considerable distances from each other (Imt endowed 
with gravity like all matter), and formed a confused or 
chaotic mass. Under t})e influence of gravitation they 
have been gradually condensed into a mu^leus, wliieh 
has become tbe centre of attraction for the whole mass. 
The molecules of the nebulosity precipitating theun- 
solves one upon another, according to Professor Balfour 
Stewart, produced heat, ‘just as a stone produces lieat 
when it is thrown violently from the top of a precipice, 
when heat is tlie final form taken by its potential 
energy.’ This theory, so far, does not differ essen- 

* [As the translator of tliis little work has uot long riucc 
published a volume on the phenomena presented by meteors, 
aerolites, and falling stars, he may, perhaps, be allowed to state 
here his opinion, that this meteoric theory of solar light and 
heat, and tlic consequences deduced therefrom, are not likely to 
remain long in science. Already ifa most ardent promoter, Bir 
William Thomson, has abandoned it, and though the themy of 

Professor BebiapareUi, which points out certain periodic analogies 

l)etweea comets and shootirig-stars, is highly ingenious, it is yet 
little more than a matter of pure speculation. — P.j 
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tially from the former. It is still the transformation 
of mechanical force into heat which is put forward to 
explain the heat of the Sun ; only it does not assume 
a fall of extraneous bodies to explain solar radiation, it 
appeals to the molecules which originally formed the 
radiating body itself. This attraction and precipita- 
tion of molecules one upon the other may be consi- 
dered from another point of view — that of the conden- 
sation of the mass of the Sun. Now we know that 
condensation is always accompanied by a production 
of heat. It has been calculated that diminution of 
l-lOOOth of the Sun’s diameter would produce heat 
(mougli to suffice for its entire radiation during 21,000 
years. 

Professor Helmholtz who made this calculation, 
author of the theory wc now divseuss, has, moreover, 
estimated tinit ‘the mechanical force equivalent to the 
mutual gravitation of the molecules of the nebula 
would have been originally ei|ual to 454 times the 
quantity of mechanical force actually at disposal in 
our system. 453-454ths of the force caused by the 
tendency to gravitate will, therefore, have been already 
expended in heat.’’ But if that which remains were 
entirely converted into heat, it would be sufficient to 
raise to 28 millions of degrees centigrade the tempe- 
rature of a mass of water equal to the united masses 
of the Sun and the planets ; this quantity of heat is 
3500 times greater than that which would be furnished 
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hy the combustion of the entire solar system, supposing 
it to be composed of the best Newcastle coal. 

We need have no anxiety tlien, on this point, nor 
the generations which will follow ours for many thou- 
sands of centuries to come. Our provision of light 
and heat is assured for a future, the long duration of 
wdiich we are quite unable to estimate. Humanity, as 
compared wdth the age of the Earth, is yet in its most 
tender infancy. * The period of time during which the 
Earth has nourished organised beings,’ says Professor 
Helmholtz, ‘ is still very short when compared to the 
period during which it was a mass of molten rock. 
Bisehof’s experiments on basalt appear to prove, that 
to cool dowui from 10()0® to 200® centigrade our Earth 
must have tfiken 350 million years. As for the length 
of time that has been required by the original nebula 
to c^mdense itself into the form of our planetary sys- 
tem, it entirely dehes our imagination and all conjec- 
tures,’ Whatever, then, may be the extent of the 
fraction of this time which our world will enjoy, one 
thing is ceriain, namely, that it must be counted by 
millions of years. TJie end of the world by the cooling 
and extinction of the Sun is far enough from us ! 
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§ III. Is THE Sun a Vahiablb Stab ? 

What would become of the Earth and Planets if the Sun were 
periodically extinguished? Variable Stars; new Stars; 
temporary Stars ; Stars which have disappeared. — Combus- 
tion of Hydrogen at the surface of the new Star in the 
Northern Crown, — Hypothesis of an increased Radiation 
from the Sun ; of the complete Envelopment of the Solar 
Sphere by Spots. — Byron’s Poem ‘ Darkness.’ 

The stars, as we said above, are suns, more or k^ss 
similar to our Sun in the chemical composition of their 
photospheres, and having, at least, one important pro* 
perty in common with our Sun, namely, that of shining 
by light of their own, not by light which is' borrowed 
from some other source, not by reflected light like that 
of the planets. 

Now, among the infinite number of stars dispersed 
on the celestial vault, there exist some whose brilliancy 
is subject to variation, being sometimes fainter than 
before, and at otliers notably incretised. Some of these 
show no periodicity in this variation of their luminous 
intensity, or, at least, such has never yet been esta** 
blislied by observation ; others are remarkable for their 
sudden appearance, they soon shine with the brilliancy 
of stars of th<% first magnitude, then decrease gradually 
in brightness, and disappear for centuries together, 
without leavmg the least trace of their presence* In 
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certain portions of the heavens stars, which before were 
invisible, have appeared and remained visible since; 
whilst others, fonnerly visible, have disappeared alto- 
u^ther. Astronomers Jiave given to tlie stars which 
present these curious phenomena, the following appel- 
lations: — Variable stars; i^eriodically variable stars; 
new stars; temporary stars; stars which have disap- 
peared. Many an liypothesis has been imagined to 
explain the ciuise of these Variations. It has betn 
conjectured that the said stars have a rotatory motion, 
and present to us une(|ual]y bright liemispheres, or that 
they are more or less flattened, so that we see them 
alternately wide and narrow ; some have supposed that 
they are subject to sudden conflagrations, or to com- 
plete extinction of their light ; lastly, tlieir variability 
has been attributed to eclipses, or to the interposition 
of some dark bodies between tliem and our solar 
system. 

All tliese conjectures may have some truth in 
them ; they are, nevertheless, conjectures, and nothing 
more. But recent observation speaks* in favour of one 
of them. About two years ago there appeared in the 
constellation of the Northern Crown a star, which was 
first thouglft to be new, but was afterwards recognised 
as one of the 9th magnitude indicated on tin? Cata- 
logue. It appeared for a certain period with an iin- 
tisiml degree of brightness, so much so, that it became 
\isible tothe naked eye, and shone equal to a star of 
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tlie 2ad magnitude, the Pearl, in the same constel- 
lation. 

Now, this ‘.new’ star had its light examined by 
spectral analysis, and Mr. Wiljiam Huggins put for- 
ward, as a very probable opinion, that it had been 
suddenly enveloped by flames of burning hydrogen, 
Some enormous convulsion, the cause of which cannot 
be conjectured, may have evolved an enormous quan- 
tity of giis ; ‘ a great portion of this gas was hydrogen, 
which burnt at the surface of the star by combining 
with some other element, and this terrible deflagration 
heated the solid matter of the photosphere and ren- 
dered its incandescence more intense. Wlien the hy- 
drogen was all burnt, the flame gradually ceased, the 
photosphere became less luminous, and the star re- 
turned to its former state.’ 

This fact [if we must admit it] throws much light 
on the variability of a certain number of stars, espe- 
cially those called temporary stars, like that known 
us the Pilgrim, which, in 1572, shone suddenly with 
great brilliancy, then became extinguished and disap- 
peared. 

The question which concerns us is, wliether our 
Sun is likely, some day, to undergo such a^variation of 
intensity — can it become the seat of such terrible phe- 
nomena ? 

The most recent observations show us that masses 
of hydrogen gas, in combustion, rise from the photo- 
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sphere, atid constitute the red prominences. If such 
is really the case, two opposite effects can naturally 
ensue. The cause which produces the gaseous evolu- 
tion may gradually diminish in energy, so as to lessen 
either the light or the heat radiation ; or this cause 
may augment and increase the power of the immense 
central fire. 

MTiat would be tlie consequences of such changes ? 
If they were sudden, no doubt they would be extremely 
terrible ; for a very slight increase of solar heat would 
5aise the mean temperature of the whole Earth, of 
every climate, and would modify most essentially the 
conditions of existence for the organised beings winch 
live upon the surface. Suppose, for instance, that 
tropical heat extended to the temperate zones, the cul- 
ture of wheat would be an impossibility, and the prin- 
cipal aliment of civilised nations would be at once cut 
off, A few more degrees of heat, and many species of 
animals, even man himself, could no longer exist on 
the surface of the globe. 

A change in the other direction would be no less 
dangerous, for then the temperature of the polar regions 
would spread over the temperate zones, forcing animals 
and plants, fehich now occupy vast regions, to confine 
themselves to the narrow zone of the e<juator. After 
all, if such convulsions ever did occur, it is not certain 
that life would become extinct. The conditions being 
changed, would probably give rise, gradually, to a new 
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flora and a new fauna; but previously to this new 
emission of life the beings now existing would meet 
with destruction and death. 

It is by supposing that the brightness of our Sun is 
variable, that some philosophers have endeavoured to 
account for the glacial period; but geologists do not 
admit their explanation. The changes which have 
gi*adually occurred in the distribution of land and sea 
suffice, according to them, to account for tlje extremes 
of climate through which our globe has passed, and 
which have gradually made way for the modified eli*« 
mates of the present day. 

We have seen that the number of sun-spots appears 
to increase and diminish periodically. May this fact 
bo admitted as a proof that our Sun must be classed 
among the variable stars? In short, are the spots 
which darken the disc capable of causing sufficient 
dumnution in the intensity of solar radiation to be 
noticed at the distance of the fixed stars ? Such may 
be absolutely the case, hut, nevertheless, the change 
must be very slight, since the effects of it have never 
yet been noticed with certainty at the surface of the 
Earth. 

Now, what wo\ild result if the Sun’s photosphere 
were covered over by numerous and extensive spots? 
If the latter are produced by the effects of a lower 
temperature at these points of the solar sphere, it is 
evident that the result would be a decrease in the 
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amount of beat and light radiated by tlie Sun to 
planets and to the Earth, If it were complittely 
covered with spots, the glorious central orb would l.)e- 
eome transformed into a dark globe, and would cease 
to animate with its beneficent rays the worlds which 
gravitate around it. Death, destruction, cessation of 
movement, would everywhere succeed to life and motion. 
Hut these are merely flights of the imagination, wliicli 
the prolonged stability of our system doits not justify 
in the least, and tiie phantoms of which poets alone are 
allowed to invoke. Lord Hyron has, indeed, described 
the terrible drama of which our world would, perhaps, 
he the theatre, if tlie radiant focus which supplies life 
to us and to all the heings which people the Earth were 
to become suddenly extinguished. We ijuote those few 
lines of pocttry for those of our readers who may like to 
read ipiietly, by tlieir firesiiles, an account of such 
grand fantastic scenes, and feed their imagination on 
sublime horrors : — 

* I had a dream, which was not all a dream, 

The bright Sim waa extinguished, and the stars 
Did wander darkling in the etenml space, 

Bayless and pathless, and the icy Earth 
Swung blind ajjd blackening in the tnoonless air. 

Mom came and w’ent — and came, and brought no day ; 
And men forgot their passions in the dread 
Of this their desolation ; and all hearts 
Were cbilleil into a selfish prayer for light. 

And they did live by watchfires ; — and the thrones, 
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The primes of crowned kings, the huts, 

The habitations of all things which dwell, 

Were burnt for beacons ; cities were consumed, 

And men were gathered round their blazing homes, 

To look once more into each other’s face. 

Happy were those who dwelt within the eye 
Of the volcanoes, and their mountain-torch ! 

A fearful hope was all the world contained. 

Forests were set on fire — but hour by hour 
They fell and faded — and the crackling trunks 
Extinguished with a crash — and all was black. 

^’he brows of men by the despairing light 
Wore ail unearthly aspect, as by fits 
The flashes fell upon them ; some lay down, 

And hid their eyes and wept ; and some did rest 
Their chins upon their clenched liands, and smiled ; 

And others burned to and fro, and fed 
Their funeral piles with fuel, and looked up 
With mad disquietude on the dull sky,* 

The pall of a past world ; and then, again, 

With curses, cast them down upon the dust, 

And gnash’d their teeth find howl’d : tlie wild bird shriek’d. 
And, terrified, did flutter on the ground, 

And flap their useless wings ; the wildest brutes 
Came tame and tremulous ; the vipers crawl’d 
And twined themselves among the multitude, 

Hissing, but stingless — they were slain for food : 

And Wai‘, which for a moment was no more, 

Did glut himself again I — A meal was bought 
With blood, and each sate sullenly apart, 

Gorging himself in gloom : no love was left ; 


♦ If the Sun alone were extinguidbed we should still have 
the aspect of the starlit sky-«-»a very poor consolation, however, 
for a population of fiunisbed and froz^ people. 
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^ All earth was but one thought — and that was deaths 
Immediate and inglorious : and the pang 
Of famine fed upon all entrails— men 
Died, and their bones were tombless as their flesh. 
The meagre by the meagre were devoured ; 

Even dogs assailed their masters, all, save one, 

And he was faithful to a corse, and kept 
The birds, and beasts, and famish’d men at bay, 

Till hunger clung them, or the dropping dead 
-Lured their lank jaws ; himself sought out no food, 
But with a piteous and perpetual moan, 

And a quick, desolate cry, licking the hand 
Which answered not with a caress — he died. 

The crowd was famished by degrees, but two 
Of an enormous city did snrvdve, 

And they were enemies : they met beside 
The dying embers of an altar-place, 

Where had been heap’d a mass of holy things 
For an unholy usage. They raked up, 

And shivVing, scraped with their cold, skeleton hands 
The feeble ashes, and their feeble breath 
Blew for a little life, and nia<l6 a flame — 

Which was a mockery. Then they lifted up 
Their eyes, as it grew lighter, and beheld 
Each other’s aspects — saw, and shriek’d, and died — 
Ev’n of their mutual hideousness they died, 
Unknowing who he was upon whose brow 
Famine bad written Fiend. The world was void, 

The populous and the powerful was a lump, 
Seasonless, herbless, treeless, manless, lifeless — 

A lump of death — a chaos of hard clay. 

The rivers, lakes, and oceans all stood still, 

And nothing stirred within their silent depths ; 

Piips, sailoriess, lay rotting on the sea, 

And their masts fell down piecemeal ; as they dropp’d 
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They slept on the abyss without a surge — 

Ttie waves were dead ; the tides were in tlieir grave ; 
The Moon, their mistress, had expired before ; 

The winds were wither’d in the stagnant air, 

And the clouds perish’d \ Dahkness had no need 
Of aid from them — She was the Universe.’ 
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EPILOGUE. 

Is THE Sun inhabited ? 

Physical irapassibility of the Existoiice of or^^^anised and living 
Beings on the Sun’s surface.— The Komance of an Inha- 
bited Sun. — Logical Conditions imposed upon the Ilypo- 
tlieses which deal with the Habitability of the Celestial 
Orbs. 

Aftp:r all tliat we have said respecting the nature of 
the Sun, or, as astronomers call it, its physical consti- 
tution, the question placed at the head of this chapter 
is, perhaps, scarcely worthy of being sulimitted to care- 
ful examinatioai. If we take into consideration the 
high scientific authority of some men who have an- 
swered it in the affirmative, we are bound to look int<» 
it ; not so, however, if we argue upon the most recent 
observations, or if we confine ourselves to analogy, or 
to the known laws of physical phenomena, such as we 
are acquainted with them upon the Earth — such as 

U 
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they must also manifest themselves upon and in the 
solar globe.* 

It is true that the partisans of Wilson’s theory — 
and the illustrious Francois Arago was one of them, 
but it is fifteen years ago — believed that the solar 
globe or nucleus was comparatively dark and cold, 
being sej)arated and preserved from the radiating p])0- 
tosphere by a thick layer of cloud endowed witli the 
property of absorbing both light and heat. But it is 
precisely this hypothesis of a dark, cold nucleus, which 
is no longer admissible. 

The interposition of matter acting as a screen, 
cdther opaque or endowed with very weak absorbing 
power for light and heat — supposing its existence to 
be proved — would only settle one thing, namely, tlmt 
the internal nucleus is not heated by radiation. But 
if the photosphere is really in contact with the cloudy 
layer of the peiiuthbrae, it must transmit its heat by 
conduction ; as it envelopes the solar globe entirely it 
must beat it at every point of its surface, and even if 
the conducting power were very slight, equilibrium of 
temperature would, in time, be established in the 

* [This is just the point which writers, such as Flammarion 
and others, who have recently argued for the Sun’s 
dispute. Are * physical phenomena’ the same in tlie Sun as 
upon the Earth ? they ask ; if not, it may be inhabited — per- 
haps hy angeh / — See Flammarion’s recent work ‘Xa Plurality 
cles Motides habites/ Paris, 1864, 2nd ed. — P.] 
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whole mass, and this temperature cannot be lower than 
that of fusion. Gases are, it is true, very bad con- 
ductors of heat, but their conduction is not nil^ and its 
effects being accumulated for centuries, it is easy to 
see that equilibrium of temperature bet^veen the pho- 
tosphere and the nucleus must be established. We 
must not forget, moreover, that gaseous matter gets 
heated throughout its mass by convect/i&n, or trans- 
portation of the heated portions by circulation among 
the cooler portions; and unless we suppose it to be 
absolutely at rest, its heat must thus be propagated 
very rapidly. Now, the phenomena of t}\e spots, their 
rapid transformations, tlie movements which these 
transformations must cause either in the different 
layers of the photosphere, or in tho deeper regions of 
the solar globe, appear to us to place beyond doubt the 
constant mixing of the different layers by a continual 
interchange of heat. 

It is, therefore, extremely probable that the entire 
globe of the Sun has a very high temperature through- 
out its mass — a temperature which surpasses the melt- 
ing [or boiling] points of most of the elementary sub- 
stances of which spectral analysis has revealed the 
existence in its atmosphere. At the same time it h 
evident that the various concentric layers, of which the 
solar globe may be supposed to be formed, exert one 
upon the other considerable pressure, since we find 
that, at the surface itself, the intensity of gravitation is 
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twenty-eight times as great as upon the Earth’s sur- 
face; this pressure may hinder fusion to a certain 
extent, but not incandescence. But we believe that 
the hypothesis of a liquid incandescent — or even a 
gaseous — nucleus is the more probable. 

However that may be, it is absolutely impossible 
to understand how any living beings, animals or vege- 
tables, could live in such conditions. It is all very 
well to conjure up a fantastic romance as to the 
kind of people who live in the Sun, to imagine them 
dwelling in a kind of hothouse, and observing the sky 
through the openings produced by the spots ; but it is 
pure imagination and not science. 

True it is, that in considering a problem so in- 
completely under control, we might reserve our opi- 
nion. The physical constitution of the Sun is yet too 
slightly investigated to enable any one to make an 
authoritative statefhent on this subject; we can only 
rely upon probabilities, but in doing so we must re- 
main within the bounds of well-authenticated facts : 
we mxist not, in order to favour any gratuitous hypo- 
thesis, imagine at will the existence of physical laws 
different from those which observation and experiment 
have revealed. But this is the position taken up by 
those who believe that the Sun may be inhabited. 

At any rate there is one fact which they cannot get 
over, namely, the constancy of solar light and heat-^ 
the prodigious expenditure of light and heat which the 
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thin envelope or photosphere certainly cannot suffice 
to produce, unless its incandescent state is kept up by 
heat from the interior of the Sun’s mass. Whether 
we adopt the meteoric theory, or the transformation 
of gravitation into heat, we cannot suppose the internal 
nucleus of the solar globe to be at a low temperature. 

Some writers have certainly endeavoured to sup- 
port the supposition of such a low temperature by 
appealing to known physical phenomena. They have 
compared the globe of the Sun surrounded by its pho- 
tosphere, to the spheroidal globule produced in M. 
Boiitigny’s curious experiments, a globule of liquid 
which renuiins colder than ice in a medium heated to 
whiteness.* But it is very evident tl)at the conditions 
are widely different: in one case the medium is a 
gaseous incandescent mass; in the other it is a solid 
metallic or porcelain vessel. The solar nucleus is 
supposed by them to be solid, whilst the globule in 
M. Boutigny’s experiments is a liquid. 

A distinguished French astronomer, M. Liais, sup- 
poses that the grey atmosphere, which explains the 

* [When a drop of water falls upon a red-hot sheet of iroTi 
it takes what is called the spheroidal stale^ and floats about on a 
cushion of steam as a globule of water whose temperature is 
below boiliijg-poiut. There is no immediate contact botweeti 
the globule and the heated surface. Vide Boutigny, * Etudes 
sur les Corps h I’^tat spheroidal,’ 1 vol. 8vo. Paris, 1857. 
When liquid sulphurous acid is used instead of water, its teiii- 
perature descends below zero, — 
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penumbra in Wilson and Herscbel’s theory, is endowed 
with properties precisely the reverse of those we recog- 
nise in our own atmosphere: the latter absorbs the 
rays of luminous heat, and is not traversed by rays of 
dark heat, which accounts for the slight loss of heat 
from the ground by diurnal or nocturnal radiation ; on 
the contrary, the internal atmosphere of the Sun would, 
in his opinion, be opposed to radiation from the pho* 
tosphere, but would allow the internal dark heat to 
traverse it freely. Thus would be explained the exist- 
ence of a low temperature at the surface of the solar 
globe. Now, not only is this property of the grey 
atmosphere a gratuitous hypothesis, but it only applies 
to heating by radiation ; it would not prevent heat 
being propagated by conductibility or convection. 

In short, it appears to us extremely difficult to 
consider the Sun as a globe inhabited by organised 
beings ; we have ho idea what sort of life could exist 
in a medium at so high a temperature. All physiolo- 
gists agree that no terrestrial being can, exist in a 
temperature scarcely higher than 100® C., and it is not 
of 100®, but of 1000® and 2000® of heat we must speak 
when alluding to the strata of the solar globe imme- 
diately beneath the photosphere. How can we con- 
ceive plants or animals living in a temperature capable 
of melting metals ? 

We are well aware that those who establish as a 
dogma the habitability of the celestial globes, who will, 
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at any risk, people both the largest and the smallest 
of them, comets and nebula^ sun and planets, with 
living beings, have a very convenient method of solving 
the difficulty and criticising the data which science 
brings forward in opposition to their doctrine. It 
consists in imagining that matter in these distant re- 
gions possesses different properties to those which it 
reveals to us in this world — properties which are un- 
known to us. 

As a general rule, it is very true that where life is 
possible different kinds of organisms correspond to 
different pliysical conditions. Upon the Earth itself it 
is 80 ; there is, necessarily, harmony existing between 
the living being and the medium in which it lives. But 
even thcKse conditions have their limits, as is proved 
by the palaeontological history of our planet: in the 
earliest periods life was absent, it was developed gra- 
dually or progressively, whilst the atmosphere and the 
soil underwent physical modifications. 

Unless we fall hack, then, to the superstitious 
ravings of times gone by, and believe in tb^xistence 
of certain imaginary animals capable of living in fire, 
we cannot do otherwise than consider i£he Sun as a 
globe upon or in which life is absolutely impossible. 

Will it ever become a habitable globe? Such is 
verj'' possible ; but at that period our Earth and the 
other planets will probably be no longer the theatre of 
life. 
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Nevertheless, the functions of the Sun, as far as life 
is concerned, are as important as those of the Earth 
other celestial bodies which revolve around it It 
is 4he focus of those powerful vibrations which carry 
life and movement everjrwbere, the interruption of 
which would be the signal of destruction and death to 
every organism upon the surface of the celestial globes 
which compose our solar world. 


THE END. 
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